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SINGLE LEVEL CELL PROGRAMM NG IN A MULTI PLE LEVEL CELL
NON VOLATI LE MEMORY DEVI CE TECHNI CAL FI ELD OF THE

wo bMENGT7E&N The present invention rel ates gener & T/WS2006/047030
menory devices and in particular the present invention
relates to non-volatile nmenory devices. BACKGROUND OF
THE | NVENTI ON Menory devices are typically provided as
i nternal, sem conductor, integrated circuits in
conputers or other electronicjdevices. There are many
di fferent types of nenory including random access

snlELE LS B SR (L B v

access NENory (S VICE| ash nenory
devi ces have devel oped into a popular sour ce of
non-vol ati | e PRERINTC AL FIEHSOF #1648 IRVEN PEORONI C
applications. Flash nenory devices typically use a
oneThe present iwentiororelatesctaneraliytto an¢roory dayicehiagh impartieylar the
prese‘a?ﬂﬁ)ehhgﬁ relQl!e%go ﬁ@rl kf@ighle' ¥moﬁFge\119é/¥ power
onsunpti on nmon uses ash nenory include
personal conmput ers, personal digital assistants
(PDAs), digital caneras, and cellular telephones.

Program code agglh ﬂ%g?b

| npgt / out put syst e!ﬁ% ) ?E%%??ﬁy stored in

f | addemenoigricts wicepidally ppsddedapetagoniabergionpdicer, integrated
cn‘cu%‘(%’ $ 859?, ué?s 6P§eaeélé&{oﬂ?@8&/1@e{ldTﬁ8£%r§ %% d?gf?rent types of memory

aetroRn ms | nNcrea requl re
mcluddrg nancbomkaqmesmngmory @AYy tread ehlsmemor)eﬁ«EQM), cﬂjmmue trandom

order e to reduce the costs of
acoessyndany (HRAREY Hurorioes HERH B Rinh %65 PP RIFPRAM), and flash
memoht.S can be acconplished by increasing the nenory
density of an integrated circuit. Menory density can
be iFlashansadrbdevies hgvetétd @jed 1h&meboplﬂhﬂ sdutdddinonMdatile
3¢ t he am unt. of a store in an

C i ncre
memOFY, Bt Bl TR A P P TNy EOATA e B dtiAes Spically use a
one- &M R6r mBFIOLRASEINhat Hifows Z8 1Rgh ﬁi&ﬁldﬂ% @enslities, Meh r@ﬁ&ﬁlﬁ% and low

stores two or nore data hits in ea nenory cel
POWGrEROFYERLIPT- dHMIIgR LSS fop flathhmemary dnrdude RFGFQ"@%,; EQmpters, personal

dlgltﬂré‘iﬁlrstah% GP@AQUBitgitQi @arﬁéﬂﬁse ahe kgllt'llﬁ:v%iei)hgﬁés PR gram@dBe and system

llemwi th non-volatile nenory are
data glqusegq abagiganpyt/output system (BIOS) are typlcally stored in flash memory devices

for use in personal computer systems.

As the performance and complexity of electronic systems increase, the requirement
for additional memory in a system also increases. However, in order to continue to reduce the
costs of the system, the parts count must be kept to a minimum. This can be accomplished by

increasing the memory density of an integrated circuit.

Memory density can be increased by using multiple level cells (MLC). MLC
memory can increase the amount of data stored in an integrated circuit without adding
additional cells and/or increasing the size of the die. The MLC method stores two or more

data bits in each memory cell.

MLC requires tight control of the threshold voltages in order to use multiple
threshold levels per cell. One problem with non-volatile memory cells that are closely spaced,
and MLC in particular, is the floating gate-to-floating gate capacitive coupling that causes

interference between cells. The interference can shift the threshold voltage of neighboring
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and MLC in particular, is the floating
gate-to-floating gate capacitive coupling that causes

w0 ndogioéEseNnce between cells. The interference PENUSIOE/047030
the threshol d voltage of neighboringcells as one cel
is programmed. This is referred to as a program
di sturb condition that affects cells that are not
desired to be programmed. An M.C nenory device al so
has a lower reliability than a single |level cell (SLC
menory device due, in part to the increased quantity

cellsgg Pﬁ%‘gt%l 1Ss ;}rg:% u' gl n s IS rﬁtqwos | X 6%53)%&&&%72 SShglggxgﬁgon that affects
cells mmta&gﬁambslrscafb bepfdgrﬁﬁﬁked mor e easily than a bad

bit in a nenory device that stores code. A bad bit in

a phot vg@peniorgievieslaysoiiad dll@\@exarehaﬂlh@j/ ¥ein 20dihgleflevel cell (SLC)

mlliagns_ of |xelsd£h|le a bad bit in code or. of her
memgry devigRfiee H RATCalOdHF ipptased ity of FlafeSTRaiTng e slosely spaced

threshbR RPRES. 120Ba@bitan 286§ dRVRENAEA t(pj;{@ret ﬂldt&%r@ﬁﬁsecan be tolerated
conpetition and _consuner desire for

morq qasyly thangt bad bib it 8 neravery dlevicatng fstﬁr@su@ Anlmltblt in a photograph
ORRY BlibYe & HAEpHRYS e
mighf SR Ao § DRE IR Bul b PGS Lot ARk it i e or otter data
°0u1¢meatl Beoraptshssisedicadhaitaiiests the dp¢r@h0@pﬁ en en@&smsram
stated below that will becone apparent to those
ski Quedoiiptepsrcompetifipprandeusuperatagira forelosgerititiory lifedn electronic
f Fhﬁﬁ r
de“%’?r’éﬁ%}%#%ﬁ% é% tgé?%aént i (F\ge sé)tr)%&\?\/lget %\Qﬁh%%@ df c]:)&ponents in
deviges|Whilsi inpinyain SigviIEdILTH Eontiwveasonn tsiamdeabqyaomdefms othiet heasons
statefl Ib@l%@v 1f1 %écc@tﬂg gxgt t %l % gr § t 38&? 9 9%1 taqlg
esent I nvention a rs oo readi &
undeanahchngjdga prgsenin epéanﬁba‘nwnn@leme @i tfeled at thenart ﬂam me@dsndevice having
i.nventi enco es a nethod for programming a
lnthﬁP?P Wgﬂpﬁgéﬁ?aﬁgﬁYVolatlle nmenory device in a single
| evel cell node. The nenory device has a plurality of
menory cells that are organized into a plurality of
menory bl ocks. Each nenorguMeA®R¥as a nenory cel

arra Téonprlsed of bit line colums and word |ine
ro BVErEeRGIenPH eraideas withdlash meseeripsandiherqirgbleggs are

addré¥3&d B? tied ﬁﬂ&?éntﬁﬂ@edti%ﬁsahd Sifl Hefun@aRtodai By R:%din nmﬁfdgmg the

significant, bit of a cell to be progranmed secon
fbno&?%%? G%f°Bper ati on prograns relnforC|ng data to the
remaining bit of the cell. The relnforC|ng dat a

adj UdePressat inveatiop pacamnsastes grmethad doi mrogbammglmmagée level,
non-@@lgﬁler BEmBYy d88cdgsh Elﬁgleqésté'l‘ cell H{Jd%e"fhg o el Re Ohs 3 plurality of

the i nventi'on include nethods and apparatus 0of varyi
memory cells that are organized into a plurality of memory blocks. Each memory block has a

memory cell arrays comprised of bit line columns and word line rows.

The method includes writing the desired data to one of either the least significant bit
or the most significant bit of a cell to be programmed. A second programming operation
programs reinforcing data to the remaining bit of the cell. The reinforcing data adjusts the

threshold level of the cell to the voltage required by the desired data.

Further embodiments of the invention include methods and apparatus of varying

scope.
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scope. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows
a sinplified diagram of one enbodi nent for a NAND

wo b@gl6éTmesrory array of the present invention. FECTUSBEO&Z047030
shows a di agram of one enbodi nent of a threshold
voltage distribution for a nmultiple |evel cell nenory
array. Figure 3 shows a di agram of one enbodi nent of a
sinplified menory array in accordance with the
progranmm ng nethod of the pregent invention. Figure 4
shows a flow chart of one enbodi nrent of a nethod of

the present | tian ingle level cell
progranm ng %ﬂgg‘ﬂjﬁﬁ?%ﬁg@p%gﬂlg P&KBWN)%ﬁ ce.
Fi guiirs 1 SHOWS a@ithbRMed Rk anPbf HMEBPSRH S RSr ONARXD flash memory
nmet hod for inplenentation of the single |evel cell
arrayfihe BYRSPHENYRIO8d of the present invention in a
menory system Figure 6 shows a bl ock di agram of one
enb St ASHOYS priAgrammipnsathediraenticf @ threskeldtvoltage distribution for

a multipIERvELEL] fkRrEarfaphows a bl ock diagram of one
enbodi nent of a nenory nodul e of the present
| NV e 08 shElv S HBafad e R nitloBik ﬂiﬂr% irray i
enbo |mantS of sofztlg\%gre modul es ofethg pre gﬁ?@p&mowma}’m
accofdgiehwith ihe progrrramingethpdraf s presentimyentionat i | e
menory integrated circuit. DETAILED DESCRI PTION In the
f ol Fred shewvap|flgv deast of end enbegtimeheof aimethador, the present
. . . . . h ‘
R R A B B S R e B
1| ¥t sBBws 3RRS Lhdin SFORALIBIHiRchlot D htelhdd 1By i
invention SmayS be pr a}lclzetﬁfge . Iﬁ@ﬁgeg{r]%yv\é]{r?%&‘)dl%ﬁémplemematlon of
the singledewtlscl asesriapunioghsethed phihieyreient invengompomern®ry system.
t hroughout the several views. These enbodi nents are
destrguwed shows afbloaki dingratesfaile dntbaiimmbhieof the sisensddiylsystem of the

re einp-r;‘\%gt-&(.t to practice the invention. O her _
DT hbodi nerit s may be utilized and structural, |ogical,

and 4 - e wthout departin
P FRREY ShEAL o SIAIASS R TG S PU  SRRRLS Lyt or e
presegétmaieh@oh.description is, therefore, not to be taken in
alimting sense, and the scope of the present
i nvEguro shewsl e fbilowdkddiagrlayn dfjortelentapiverdedt wifieia18 niiddles of the
ores VBT 055 R ERHE s ok IS Bl BB e

am o n oarne

(D

DETAILED DESCRIPTION

In the following detailed description of the invention, reference is made to the
accompanying drawings that form a part hereof and in which is shown, by way of illustration,
specific embodiments in which the invention may be practiced. In the drawings, like
numerals describe substantially similar components throughout the several views. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the present invention. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

present invention is defined only by the appended claims and equivalents thereof.

Figure 1 illustrates a simplified diagram of one embodiment for a semiconductor

NAND flash memory array of the present invention. Tﬁis memory array is for purposes of
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NAND fl ash nmenory array of the present invention. This
menory array is for purposes ofillustration only as
w0 b@7ppsEseNnt i nvention is not [imted any one PCT/US2006/047030
non-vol atile nmenory technol ogy or architecture. The
menory array of Figure 1, for purposes of clarity,
does not show all of the elenents typically required
in a nenory array. For exanple, only two bit lines are
shown (BLI and BL2) when the gpunber of bit |ines
required actual |y depends upon the nenory density and
chitecture,. The.bit lines are subse

1llust]:aé; qfang}g ag Hleéges(egﬁnveﬁﬂj lS R Jinggted anyqoe Y qath \gjemory

techndlexyevedtthitddnrecoupl ed to sense anplifiers (not shown)
that detect the state of each cell. The array is

COfTH"hbe@éin&fy AfydfRYurefl, Fbraairp6i@s 98tRrieR|doss ﬁ&lshow all of the
ranged.in series strings 104, 105. Each of th

clem @it Stk Iygprauired | A MEFOTY AERY JIRR FamBia Rl Brabit iges s shown
(BL1edBESY Wwhén BRaIUMb? bf blQfes fediipred alctd&ﬁy@\é%&ds u?%ﬁ:@le memory

t hat spans across rTU|tIE e series strings
B

densigvapd elipraschitrstisprthedtit Haeseare srbsequenthy qe&rrq@fg a§4B&1 — BLN). The
bit lif& (BILIN- BINOVUrL BvAtaTy LRpfQor Rhsd 16 d{:l‘iﬁ&? gﬂi&tsh%n) {Hht detect the

one enbodi nent, an array |s conprise
state jof gagh celbwever, the present invention is not linited
to any one word |ine quantity. In operation, the word
| i ndde@mepiyeanpisesaif@at arrayeof] firditing date cells d 8 iarmgnged i series

strin. f&f X oS et!l&l 6fr1h& gg?t?xg%rtggtﬁ ggpé%@l gl%%bﬁél%é dtrﬁnqg source in each series

. tten'to or rea operate remal ni
chairf 1%t1|0rSgAgm@1 lmﬂww ceVIL§1) thae sndms gerdsegudtiple lsgndsmtnngs 104, 105

. [ Eac |es St ri

is coti@gd 6(? tl'?e] %%?r%}]gg er}grg‘loatn&% g? Se cIeS 1% % 60\iv éla ?der o tontrol their

opergau: ¢eohe cpbdditndny, zm BOAYiS eom@heert ofzl Woﬂdl.ﬁnesl Hbvaver, the present
N) by a drain select

. to an individyal bit |ine.(BLl -
1nvm§5¥lmfﬁgﬁn&%%%o?ﬂ%og%ﬂpgghg%ﬂg@Fgﬁates 116 117 are

controlled b ct e

6 1% BepRlars pe ke Tng WPEGT yiras sSoRbGimditaGe; Hiafing eate
mem@ayt edlslihZhe dekiks @hRinCOA] m$ tesk Byitien @6 ot fea8 &toRs bin@ @berate the
romalii: (apE B TBURCRIELF 17 FREHEs SRS 167 i apeseirough mod.
Eachts%ﬂeﬁgtrinﬁel 0R2065 of YRR gaté Hﬁ%ﬁ)r&' AN B c%[lﬁleﬁ% a source line 106 by a

oses of illustration only WLO can al so begi n at

Sourqew@ b gaisrl 1on bl parfbtogn Wdt%u%rtdmeu (ﬁ@lnuﬁ{a%%y a drain select gate
112, 118 ERSdicd Q& datel h e POIA ﬁ@c@ﬁtr&lﬁl&‘i WQ gomgé‘gae&%alte control line

can be programmed as a Sin

SG(S; Il §l ceuplsddp their pontrodgateso m@natn ml@t tgiateg 1,& ; 1 lc3e¢11e controlled by a
drairfdeit afeuohhei find S%@h) A4 -M.Q). Each cell’s threshold

In the embodlment of Figure 1, WLO is at the bottom of the page and WL31 is at the
top of the page. However, these labels are for purposes of illustration only as WLO can also
begin at the top of the page with the word line numbers increasing towards the bottom of the

page.

Each cell can be programmed as a single bit per cell (i.e., single level cell — SLC) or
multiple bits per cell (i.e., multiple level cell - MLC). Each cell’s threshold voltage (Vy)
determines the data that is stored in the cell. For example, in a single bit per cell, a V, 0of 0.5V
might indicate a programmed cell (i.e., logical 0 state) while a Vi, of 0.5V might indicate an

erased cell (i.e., logical 1 state).
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determ nes the data that is stored in the cell. For
exanple, in a single bit per cell, a Vvt of 0.5V m ght

w0 p@i7oeit7é8 a programed cell (i.e., |logical 0 SPEL/E$2006/047030
while a Vt of -0.5V might indicate an erased cell
(i.e., logical 1 state).A nultilevel cell has nmultiple

V wi ndows that each indicate a different state.
Multilevel cells take advantage of the anal og nature
of a traditional flash cell by assigning a bit pattern
to a specific voltage range stored on the cell. This

technol ogy perm.ts the storage of two or nore bits per
cel A "k‘n‘é‘%@ﬁ%hcﬁﬂ hah muligplg aémm@@/%fh% rahbigdicaterpdidterent state.

MuliAS&d} Q:Qﬁg tzik@ a‘i:lb@ntg bFthE Qﬁal@ AIRIEof & tr%@itiongﬁﬁaslﬂece%l bry assigning a
assi gne four erent vol a e ranges of

bit patteem 1o aﬁg%clﬁcryglt@gﬂ 1apge gorpean @s&élé ‘Biris hephgplegyipegmits/the storage

of twa)qu%&r\é Blﬁl ﬂ%?g%ﬁéﬁgﬁ(ﬁﬂﬁ gﬂ?&e%uflnfm B?w‘fl?%%q e%taggxgl%d to the cell.

Int
sto : 0
P3P dobl o LS OLLAE (o A4DLA LIBGEEG Y o0 o
each gangeaiypicallpes deddapace e mswin 6H0.20hie ©4Vlis betwesneach range. If the
voltagglg&gécgﬁ? :i}ée %%1 i:s ?/l%l’ﬁ ﬂ&&g@xist &ﬁg?{thé ge h'sr &3 xﬁlgé g lYo*ft tﬁleqvoltage 1s
wﬁhma,‘hg sccoAldtreng ttiee &ﬂhsdtommgtaso 1a§§1ngmﬁthﬁek ﬁglasaﬂla:fytrahg& that are

T TR T i
10 is gbe st bomﬁ‘lberrmrésmibm:héc_ﬁ&rgb $a1@%A$ﬁeﬁ{a®e Biﬁb&d%ﬂhgtbf a%smgn the logical
ts . .per ce ependi ng on the quantity of different
State?/tﬂ ‘?S%ée"nig‘?fﬁé*%"‘gwgﬁ e d| fferentl ated on the cell.
O o e S TR A . e

embcnﬁﬂ@ﬁ&rﬂ’@ﬁ stioe RioasEn tvb Bitd peetdIR Aepénddi @8 BB ALty of different
pul ses that start_at a voltage that, in one

voltagg sapgesdhat cap eé‘n‘%%f?’é‘i‘at%%t%“i?l\mth each subsequent
pul se voltage increasing incrementally until the cell
i s PIBHEHARICAbPIr #h RIYEFPRG PRETATIORY tbmlwgd Werd line for the
flashiiB@aBBHcel oV hrbbfdirh aNisReatlita Wrtdy & IHE pulses that start
voltage of OV'is then perfornmed to determne if
at a voligge %}?@ igane qmbosimeneisgrenser thew 1 oY gwith éagh subsegignt pulse voltage
Iiiﬁ Sin
T A G S G5 e i TRl vl
reacn@dogram operation. In one enbodi nent, the unsel ected

word |ine voltages can be any voltage equal to or
gr edt verifieptiongmstationpitien woad linExchagsf off ¢ lsmﬁn pyrformed to

s AL IS e SHAS Vo ST et

for theaguminihg selig hee typieally biabddsat approximately 10V during the program

operation. In one embodiment, the unselected word line voltages can be any voltage equal to

or greater than ground potential. Each of the memory cells is programmed in a substantially

similar fashion.

A typical memory block may be comprised of 64 pages of single level cells. An
MLC memory block is typically comprised of 128 pages. When one of these pages is
accessed in a typical prior art read/program operation, the remaining pages in the block can
experience a disturb condition. In both cases, the pages share common word lines and bitlines
that can experience higher programming/read voltages whenever any one of the pages is

programmed/read. These voltages can cause problems by disturbing the distributions for the
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M.C nenory block is typically conprised of 128 pages.

When one of these pages is accessed in a typical prior
W@era07/06a68 pr ogr am oper ati on, the renai ni ng pageCST/UR20061@47030

bl ock can experience a disturb condition hi both

cases, the pages share common word lines and bitlines

that can experience hi gher progranm ng/read voltages

whenever any one of the pages is progranmed/read.

These vol tages can cause probgens by disturbing the

distributions for thecells that are not being

ccessed The enbo nts of the present invention,
cells $hat arfsaed Peligcss ﬁe embad 1@%%@? BEESEBgnvgtion, as discussed
subs&ﬁﬂﬁﬁ§ SisBG scRmhbYed Uszitd aliaRuAaE dthhRjueYhiedH¥SasiAly reduces or
elimnates the disturb condition. Figure 2 illustrates
elimigatgs thyy digtus comlitiodhodi ment of an M.C thr eshol d
vol tage distribution in accordance with th
pr o§i@neP AlustEtetoridiseraoy ef pregabedimeptaf p MLﬁmrgshold voltage
distrBuagh m&ﬁ%cg Bath &)la%ré)%glln?r%g Hetﬁ&@&pth%g}eéeﬁt %Angntlon. This
nost negative state and ogi cal 10 state 202 Is
diagrapgeshepstthpiabe legiealstiastete 20hés e et apgatp@3staindnd He logical 10 state
202 é&l@é ﬁxogtgpdbsﬁf\?e At&(éat‘ﬁ?f)pg{aw z{rhethggﬁtstzgé 5H20fe I%Ez?cgg Between the
. Frgure 3 ustrates a Wi pattern
num&ﬂwmmh$MEw2®hﬁﬁﬂy array using the S|ngle | eve
progranmm ng enbodi nents of the present invention. For
pur piges 3oflugttates 2 yritopatterh dua sphplsficianemons amay hsinguhe single
i cal. T, f .
levelﬁﬂééﬂﬁﬂ%km e‘hTdedgrrnrglgt;é %g E}g \Qfggget%t %B%\HHP% I!rao:r rﬁ?r.\g-é(sseg %gglénty, only four
physiehprws with twe phiysical birsainesackernoy yrekﬂhomns Thépertinmdfahe MLC memory

e e & BT BCEP OGR4 P PETBACR B R E T 7O R plocks.

308 +.Ihis artlcular was chosen 't
t herl}hleoa RRATON gat Ve- o2 af% c‘fg]t??’% “GRE ST tﬁ%mﬁ?ﬁnpage numbers that
are vaittdn'te cable patichilas call GOD r—(ﬂglga"ﬂi‘HBCiaartTdiﬂarQi%ﬁmWas chosen to minimize
limted to an

nvention, omever ne
the d&aﬂﬁg &G tﬂgé‘.I E%Hg s SCEYS ehery c%é fre prograrymed. The

. preséii mawnaoﬂfhchﬂm,n nbmxnlne@ it Bby Bhe SrogPESBsCHdthas

previously regardi ng programm ng of M.C. Therefore,

t h e BEadh pagsitdalGeHFuane3 0 istdapatlé 85 BHIdi ngwwtdgwal Bﬁ§ la§ A8scribed
scranpl ed, |ogical addresses to each physic

prevg)&alryéggar e BeseRgtd MLG. Theredyscthernddfrsriag Sﬁlﬁ%ﬁ ff the present
inveMifbrPARHInG Bvo GBlambied, loéi@ﬁ ddrdsB& t§legc1§f)!t§;ﬁse6gl allfRsh %ifher words,

has two adj acent Ioglca addr esses il lustrated
to ingligptsdhaBAise magin A0 physieal il -13QF i the S4Gananes of thetasray has two

ad]a&guo%,&@;ddre% Logi cal pages 2 and 3 are programed
into cells 303, 304 of row 1. Logical pages 4 and 5

ar e I&ﬁﬂuﬁ&@&&&l@mdirﬁ&ﬁ l%ElJaF?a"%%Tg d&@% 8% JrO¥¥aflmed into cells 301,

Logi cal pages and are prog
302. Logical pages and 3 are programrned into cells 303, 304 of row 1. Logical pages 4 and

5 are then programmed into cells 301, 302 of row 0. Logical pages 8 and 9 are programmed
into cells 303, 304 of row 1. This pattern is repeated throughout the 128 pages of a memory

block that is programmed in an SLC manner.

In order to program a physical cell in an MLC manner, each bit of data/code to be
programmed is represented by two logical bits. In one embodiment, a logical 11 is assigned
to represent a single level bit of 1 while a logical 10 is assigned to represent a single level bit
of 0. This data pattern was chosen since the present embodiment of MLC memory, the

threshold voltage of 11 is the most negative and the threshold voltage of 10 is the most
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into cells 303, 304 of row 1. This pattern is repeated
t hroughout the 128 pages of a nenory block that is
w@e@giermed in an SLC manner. In order to progPEmMus2006/047030

physical cell in an M.C manner, each bit of datal/code

to be programmed is represented by two | ogical bits.

In one enbodi nent, a logical 11 is assigned to

represent a single level bit of 1 while a |ogical 10

Is assigned to represent a sifigle level bit of 0. This

data pattern was chosen since the present enbodi nent

menory, the threshold voltage of 11 is the nost

vOS*twegat% Do Rt b e LR Agaves BRigAo Joatp Eatepjerierence and
incref®8$ BRSIdide Barlgit A 18dHRste BME ollith¥ntk %ﬁ’d&%s@:%tﬁéi%tsftéé’@ésid}@ logical 11

gate to-floating gate interference and increasing the
and/q5di0se nar gin. Alternate enbodi nents may use ot her

states besides logical_ 11 and/or 10. Figure 4

i |1 Higuret ddusiratas e flow ghart 6f ong embpdigernieha methed pEthggeesent

1nverﬁi‘ontf31951ﬂéﬁsl€vrgl ckf ‘ﬁ?&%rh&%lﬁg bfa 'nﬂﬂh?le' 18V& et %émory device. For
progr anmt ng evel

purpqsgp op glepbis églmﬁle @Ir%gratrymngmf yne pell (1-8¢ p@hﬁgh gfe t\gllrg?:;n%) will be
descr%lﬁédl ThE B&)%rﬁﬁtth%gpéﬁgfe?lgggﬁéﬁ f4 o%lﬂdf' hne%f%%%&rlé 8 %gcomphshed ina

Substbhmiky similac oemén The doliowmgslismissinn refktsyto dioth F@ures 3 and 4.
manner. The foll owi ng discussion refers to both
Fi giliheda® tabd stpredfi@l ateacived He opeerdwdirgdnt] as described subsequently
- ' ; Filollr o e
with {re%%k%& & Fi it eglt%(l)g E&g 3 g]:t‘%{a 1tnﬁﬁldg§ %g {nvdz%gxggt#gai ﬁt:él g Yhat requires
the mame relcibba3 L O lprdbgranmnmg iof tlooplesdnt amVelnequ ias eppdded tortreeMLC

proglsirh B2 per SR Fy e ] a%ntﬁgﬁ%gtg?% i Garh ot
[ Pott bid b Gt M 5B OB b 6 e Brodin PR Sl Rimmed first 403.

Howéversin 4lesinattlembodimentimay p@rgmh cheeMSBIfifse ahd YL SB last.
programthe MSB first and the LSB last. In the

I |1 ts theditastraeetbad bodifient,the nteglidiofirst proptaris pafearintP dgecell 301
I f the cel statgd .
dtth% ata/code bit is a

. int he
Gie- B ke SriESamed g F’et'he.eraée& 2 61 G6r-adreirs)
logic8iR0,ah&PdR c*él]BO'l S10% hRH F¥grdhmbd QBttérBQ)f‘aQt)gtvc‘:gpﬂO. now

has a progranmmed pattern of a | ogi cal en page 4

is Whé?ﬁpdgbogﬁmﬁidﬁﬁxgﬂ&ﬁngﬂgktc@? 30(1]I I it gmtgst)efa b@léj%:@; to
SO as rce e esire al a/ code | 0
reinfprgp ﬁ%ssatrﬁ da'a?cgdwtt#ét Trsrsinfprctig datmisghat dagrewhich changes the

threshid®aLE o¥ 8dchade: gfo fﬁ%eﬁ'—&llﬁé Qe 1418 tilredtd1d DSltage required

approprrate threshold voltage required for the desire
for thej ¢egire singledeveldage- Theesfere the reinfarding fate muishbe defepmined 405 and

then Wx'ﬁfenl?ﬁtoqﬁé eEIMLHE qn‘tgépé@gntte&%[pw afid Qal' 19 abdl grlt&ﬂolrepresent an

. In the Present exanp 0ogl Ca IS as gne
SLC figtarlgb«p%lggwp @,rpo the cell is already at the proper threshold voltage. Therefore,

when the cell is read, the threshold voltage to which logical 10 state is assigned will be

detected and a logical 0 is read.

The above-described example, for purposes of clarity, does not discuss the

programming of pages 1 — 3. By referring to Figures 2 — 4, it can be seen that the other pages

are programmed in substantially the same manner.

As another example, if a data/code bit of logical O is desired to be programmed into
the cell 301 and the cell 301 has already been programmed from a previous page write

operation with a logical 01, page 0 of the cell needs to program a logical 0 into the LSB of
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SLC data bit of logical 0, so the cell is already at
the proper threshold voltage. Therefore, when the cel

WO goor@ertss t he t hreshol d vol tage to which | ogi cBCT/LS2006/047030
state is assigned will be detected and a logical O is
read. The above-descri bed exanple, for purposes of
clarity, does not discuss the programm ng of pages 1-
3. By referring to Figures 2 - 4, it can be seen that
the other pages are programmeg in substantially the
same manner. As anot her exanple if a dat a/ code bit of

|.og] 0.is desi.red to be into t
the cgf FOE b fraccampligist o ard BadyBeeH Yoiiage hibe ol pQiyfrom the
logical O ﬁﬂt&ﬁ&h@%@l thé BIRE N1 BtskA8 a.\!\’sééﬂ if F'l QLQ'E Qa*l‘hglassumes that the
of the cell needs to programa ical O into

logw@h&) stas ofiYIRE is éavivalgnt to thrp lagic %@t@mf IS ed by

rai sing the threshold voltage of the cell 301 fromthe

| ogFtmire § ifusiratse flov chart oEPae eafbodhecnt o iagagthadfogtimpéementation
of th@§in %elgvélrbeﬁ'lﬂé‘éﬁm%nn me?h&iséf‘ﬂﬁ%z)résléﬂ{ m'izgt‘?tl(;rpﬂ' acl"i‘nlultgp(l)e level cell

sta M.C'is equivalent to the logical O state
mem%@ysﬁr@u% ethpf determines S11if e daltmmbeownttcnels code that requires a

t

i TR ol By PR TR GIRLL A O bl
progriamypemgi on in a mﬂtlple | evel cell nmenory system The

met hod determnes 501 if the data to be witten is

c oddhisndgtenmagatianesandetricgraplisletd iabiatiiou;l waysringee embodiment, the

. h I f

phys%&fgf?({)(irrgsgsbgﬁli%gt%g W%%ﬁxé (féfS%% 1rers] vtrs;% ing [o ﬁi a{rgg o% mteXxo(r)y or an MLC
area. ¥oc erpinpkh el aq'idres&alhana $n tieeyfcst B2 MiB of éntxadinoenirrayt &dlress space

can RPEERSE: RSIC5p VIRlsP FepHifintions ey Bidies Sspdiip e L data. In
such an eatdidaasnt hraén ttie dafa ishiead, it BtasSdndBhat thehBulBPIBHIM that are read
arr%é &ﬁ q %ﬁace can be set aside for SLC data
map {2 p19e ?é%§1 ter of the array address space is NLC
dat I n, such, ap enbodi |s read,
SRl TRRYdImRRG I“{[‘F igtar B ’Itt‘%mFRJQF ﬁhséataﬁaﬂwamcaﬂy
indmﬂte&iz]ﬁkﬁh@" to@iée khedSit @ dbiver or the %B%BEML@TP%dmﬁﬁng ®@Bthod. Alternate
indicator bit is_included with the data to dynam cally

embqdigeptsican e PHSF fargsiie idantidy Siectyag of erogsemmiRg. nor ral
M.C_progra t hod. Alternate enbodi nents can_use )
ot hAPe RS 0GaHE PSP SesebgroR BB ORiedm Siges YRad 4. This
routif-Sarfibé ¥RscukRD jhﬂé RSy IRREFH AL SirtMif Eort@f @fr@tﬂ&? 3{181 as a state

Fi gures 3 and Thi s routlne can be executed by t
machipg g gcassire gy ethercantioller. {Theaermel MG programming ﬁO?ahaSabeen

descri &t §re URGEIVGith RIOCESSR Fielle P her control ler. The
esCnorrrlgm NLCygfbgrann1ng 56§Qﬁas been

Figure 6 illustrates a functional block diagram of a memory device 600 that can

incorporate the flash memory array and programming method embodiments of the present
invention. The memory device 600 is coupled to a processor 610 that is responsible for
executing the software driver of the present invention for writing SLC data into an MLC
device. The processor 610 may be a microprocessor or some other type of controlling
circuitry. The memory device 600 and the processor 610 form part of a memory system 620.
The memory device 600 has been simplified to focus on features of the memory that are

helpful in understanding the present invention.

The processor 610 is coupled to the system memory 680. This memory block 680
includes all of the memory required by the system such as RAM, ROM, magnetic storage
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descri bed previously with reference to Figure 1.

Figure 6 illustrates a functional block diagramof a
woreowsy77ekevi ce 600 that can i ncorporate the flBSHUS2006/047030
menory array and progranmm ng net hod enbodi nents of the
present invention. The nmenory device 600 is coupled to

a processor 610 that is responsible for executing the
software driver of the present invention for witing
SLC data into an M.C device. dJhe processor 610 nay be

a nicroprocessor or sone other type of controlling

circu ffyJ The nmenory device 600 and the processor 610
drives.rather forgs of mgEEY yA SYERUN SST™ mEY hakeBRYy ool bigse types of

systefPRchdsy BESN of tHaph.ith 'oﬁg eh®oliRft, @R 16RALVEIRSAGard Mver of the
menory that are hel i n understanding the present

preseng nsistion tharﬁ@am%%ggs%mramm ME.Comgplosy 1s YoreHdn dyis sxstgm memory

680. TRUR ey blHaft mﬂ%@gt&ﬁ 854 oB8 th%%%%%héd i§ sed fa hard drive

mory req UI r stem

or R%{b ¢‘cen§48élryarg@a ity Bg\Mcfpr @tmhomol“hr%sqﬁwm mpydplesAllustrated in
Figu SR o S L BT LR AN AR SRRl TR (B e pgtiware driver
of th¢ presémhinvergimit war e dri ver of the present invention

that enables SLC storage in M.C nenory is stored in

t hi §heystreonymnvineind8des aharalr ¢f/Bashragmbey tpfa}st63@fas tdhs:ribed above

stemt .1 s stored
with ?é(f%‘e%@é ?c?%&%?% {51 gf'lke% Igﬁ OLY ?132\){ E sI aﬁa&gﬁim P r?(s of WS and columns.
The mmmmgamn of €lch of divaemonpckilsds cmhﬂ;lad; it £dotdlifid while the drain
di scus 3%35 ubse uent show .on

i ble. .
and SaRRGIPECIOR O RO CORT RS COPPTRro BRD o s i gfmowm n the

art, theWwa@iticctions dinhe raemmmhd bidin® dedahifleswhahar theyr@l is a NAND
s 630 a escri.bed above with

flash ne cell
archif eRIP LA NI AEeRyces O & JearTay 630 i

arrang ks. of and, cql u e control

gat i #f%sgéw B gt ﬁ%@%@rox@ﬁﬁ £o jatcl F%d?'%aﬂ%l”g‘“ded on
addr&® lifipdticdnddtione ANRx @42 Adards SigHAIS ar&ﬂaeei%a 'ax@d‘ﬁe&fded by arow

the nmenory cells_are coupled to bitlines.

decoger it e ¢ slummidecodrs 648 AR @esss Hie HEMORGagaY 6%03 ththhbe

appr@ﬁtleﬂ BSIhORIRIIMANAThIRE t\{?ﬁﬁ tHel ¥en@fif 8 tHe%r@sehWchnphon that the
architécture, an AND architecture, or a

numbgrcKiagdeesy input pprnsetiprssdepsnds o thei dengity aadlarchgecture of the memory

arrayPE R ME80is! fhel RiAEr 3¢ g%ié%zg ﬁrgsi%lgés RiBHAE grc?&s@(ﬁjg{eﬁﬁﬁy cell counts

i nput connect i ons ress signals are
amiw&%awn@umﬁnmddé@dd@wmby a row decoder 644 and a col um

decoder 646 to access the nenory array 630. It will be

appldeimgaorydevidect® rerdd dasalin thethement array ¢39 bsheensing voltage or

5@ s i e Medb thh

e g §% I nput %on ectlonslgééggl ggmme %&&%Eﬁgp‘y a?d’i"ifle
sens&dbcffext @uifry, iofont embodmpeny, is coupled to read and latch a row of data from the
memory array 630. Data input and output buffer circuitry 660 is included for bi-directional
data communication over a plurality of data connections 662 with the controller 610. Write

circuitry 655 is provided to write data to the memory array.

Control circuitry 670 decodes signals provided on control connections 672 from the
processor 610. These signals are used to control the operations on the memory array 630,
including data read, data write (program), and erase operations. The control circuitry 670 may

be a state machine, a sequencer, or some other type of controller.
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array 630. That is, the nunber of addresses increases

with both increased nenory cell counts and increased
wbaok/06a7168 bl ock counts. The nenory device 600 PERUS2006/047030

data in the nenory array 630 by sensing voltage or

current changes in the nenory array columms using

sense/ buffer circuitry 650. The sense/buffer

circuitry, in one enbodinent, is coupled to read and

latch a row of data fromthe ygenory array 630. Data

I nput and out put buffer circuitry 660 is included for

bi -di rectj onal ta cq nicatign over a pluraljty. of
dat dhedlkak E‘tei‘%‘?{é’ Efe\kil\%‘ﬂratt?ﬁjemc%ﬁ?ﬁecﬁ aybdsmaimplifigdpto facilitate a

bam&ﬂ:r[déb‘sltir[rﬂn?@ﬁtﬂe&"eﬁhﬁéé'dﬁﬁ’e Inemér) L& it Gefa‘?le& 'ﬁﬁd&@ﬁﬁa%g of internal
arra rol circuitry 670 decodes signals provid

circugfmy elefh funstioppphideth Bamogrvaekanive thessckiltask inghe: art.
These Si %nal s_are used to control the operations on
t he Figapprys an iliysteton of ge pxemplgrimemons sepdudm? @0 Wiemery module

700 ﬁsnnegfa@m as PRLRREEd0 Qﬁﬂ@&gmﬂé coJJéﬁtstagﬁJSQAd Gith %’I’e{]e%%ée to

may be a state machi ne; sequencer, or sone
memquomosifllec%ﬂﬁ)targ Iaplelucabﬂmtof¢thgﬁynmnﬁrymd>eabls@r|ﬂohablterra¢re@ky e.g.,

USBI ﬁ‘a rdg]t o c?gdta? %rkgtﬁcgdstb%@ul Hn? Q} %ﬁéggf l‘mte:% ?y%xo%%f' as used

featur
herenhelraadct;tioru métbpsglaqdd: eprgple |fmm favédr is ldemutddny Pagufe 7 these concepts

are afpﬁff%?ilé’{ésgtﬁér’:tfoh%sfgc rSrra;l)sr | %§ are known to those skilled

Igure illustration of an

exernp| %geg%ame&g%%omo ol oSt Atk 205 (as

i1l1ustra a nenory aIt
depided)ctosnebbsaphid or sfoes srra®rly deweeaﬂw nbalighesudb @ haruging is not essential

to IR B g8y Buiiont HEefy b8 i eV Tont BiRd pp-vpletile

membiry tmaluahg dredpptedfto PEHOMA KleATit 6 tha snwenEidn1aWRER présant, the

h addjl__({) aIthou h one exam%f formfactor is, depicted
ousing 43, prlud 95 ORHESBOLHAUERIS 7 Ly EorA9ppPRBIGRtion Wit Host device.

Exaﬁlplegbf B6dt Aeicas intBlde dikital CaRRr A ﬂﬁ@&ﬁhxaﬁ'ﬁﬁ@?héyback devices,
nmodul e 700 wi Il include a housing i C

PDAsppersnal sprapuiersyinanemyfgrd readens civderfapg hupp ﬁl@d%Far some
ernb@&iﬁﬁs‘n\fbg tﬂcﬁt:oﬂ@ictseﬁsﬁgyé'lﬂ khd Brdl df 2A8M LFE-Q mqgﬁc%el?or example, with

I cations. | east one menory device 710
a Uﬁigﬁashﬂra\tq’ the Q?@WWH méghi die iy thy fosmeqitadd SBT )pm‘A@naiﬁ connector.
h t
For EpRbfRlents) thel BB 1Y are M S BhET A Hermi PG RAMS) iRbrtace, such
as migiviive iowat 9o OMP A CT Hos$H dmamaeny. caiiksdiehesi oy SWOEIISK Corporation,

MEI\%@%}@%@FQ ﬁle&‘rgog'g f?:ia%jﬁf&gc{en%eg:@{) >Q Yd brgr{g@to?lmgne <Y gh&%ﬁ]BIGI’I‘AL

devi c ers
menway dande liderssd by t@EHASA (Eufperaﬁnd ahth¢hd like In lgenersb ﬁewever, contacts

715 §1{ 9%a n dlflEeg%?ce Eer eé:a?sgligg%to]g_tagll ggi(cgr S elglrcli/%ﬁ chjie]; (s)lrgnals begveen the memory
module 700 and a host having compatible receptors for the contacts 715.

The memory module 700 may optioﬁally include additional circuitry 720 which
may be one or more integrated circuits and/or discrete components. For some embodiments,
the additional circuitry 720 may include a memory controller for controlling access across
multiple memory devices 710 and/or for providing a translation layer between an external
host and a memory device 710. For example, there may not be a one-to-one correspondence
between the number of contacts 715 and a number of /O connections to the one or more
memory dev.ices 710. Thus, a memory controller could selectively couple an I/O connection

(not shown in Figure 7) of a memory device 710 to receive the appropriate signal at the
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a USB flash drive, the contacts 715 mght be in the

formof a USB Type-A mal e connector. For sone
weredodseImesit s, the contacts 715 are in the fornPOf/US2006/047030

sem -proprietary interface, such as m ght be found on

COWPACTFLASH nenory cards |icensed by SANDI SK

Cor poration, MEMORYSTICK nenory cards |icensed by SONY

Cor poration, SD SECURE DI G TAL nenory cards |icensed

by TOSHI BA Corporation and thg |ike. In general,

however, contacts 715 provide an interface for passing

control, address and/or data signals between the
appropstale { Omaeetionats thn APRIORBEE tHak Ph REBKigsthe prpropriate signal at the

appr&f?r?ﬁ@ L»&{téctfm at iR W&@%@ tifie? sllﬁhs&l}mﬂ@wnm%aﬁoz Q%tocm

may optional iy include additional citcuitry 7

‘betwgeiya Bastgnd thy mepyosy maduly 20Q@may ibe differentihan @rhaa rsSr@qwed for access

ofa 199%9_@8@4:& 7ﬁs>rA ﬁ%%r?'&’%ﬁ&bﬁ&%%id g tquﬂe 9 gbmmand sequences

circuitry 7 Incfude a menory contro
receigethfiool ¢ hoyy uaeéefs spRIOPUSts ceuimigl qrermss o devecethe Atgred access to

the @?Ar&rde(/ ﬁboglll {28t Jnafﬁggé %tjth%lp ?lli(%é((?é{:c é(y,\'se Ak %ﬂal voltage levels

naI fost and & nmenory
in addhtemgtorraynmmaotd dequenceme-t 0- one correspondence betvveen
the nunber of contacts 715 and a nunber of 1/0
con ﬁéwctaiddi’qbnakpitdm@mﬂéo orayrfortbemiprindy faleotionekityifi@elated to control of

a me%;} %' 8v1ﬁg§?8 81¥C t roI nctlcgzn%ualgld g%ﬁg Ct I%?mﬁedgpeyn%} 58?@ (application

specd'e:\nnt@'a?écﬂcmmw)eABloyﬂletdaldltaﬁQI cipcuitly G29 ingyeinchide circuitry to restrict

read 8F %3 c%%el %)ttﬁe h/be%%gggg ‘f‘ggg‘)sﬁ“ﬁf\ gg ng B{oﬁg o%&iotnl geometrics or

the hg[ép'l‘fﬂ@ﬁcllah@ueﬁ @ﬂbﬁh@ﬁy 720bmay lddﬂlﬁie&ﬂﬂfuﬂlw gﬁﬁaﬂxdatefwstatus of the memory
i lar t |cat|on protoco et ween a

modidsg 00 EoR BB IGURIBti V08 SHay Doy 2 PREFRRLG RERISRALY to determine

wheth8r A& i5 9%@@.@@%&%@&@6@%%@ fu0 &&d %cheAthe memory module
menory controller could then translate the comand

700 eéatr@n@éée%@emﬁé%fl Bpg e displytan indisation oaﬁmtem sk as a solid light
whil€ Bmwa AAUEREER, 1l cht AT VEEnd NeeeORE THE,ARAESA hi@uftf}P720 may

evice 71 transt ati on nmay
ﬁlﬂhﬁhmchlﬂ@ p@h%mg devites, suqhnas dqsagumlawalpev@rs t¢ heladdgltla@rpower

itional circuitry 720 may
mqu%rurt er |ncI g{ﬁgﬁi modlife RRE!

tlonallty unrel ated to control of

ré Sqﬁ§§tga‘?es7el'glxg#g actnlongﬁwfa{@rﬁghﬁgf ogﬁlerﬂr%kt invention for

or me appl 1 cation speci
prOgrmmngamemour d@chtS) Thé\nswluldshee aoltiptisahefia ﬂasharxmstayion layer (FTL)

301 Z:%P atqgélst oH% Low ?ev%i .E,o \!vzta.r%yqr‘fv%ﬁggf t\R"hGl% on oneolowV\feafelednver 802 is

shova nnt Iégmrecﬁj itib lxmiﬂﬂtrrdvmsuﬂhe taktathati d(ﬁem'ﬁl’g@syaihdn imayriadve multiple such
drive circuitry 720 may include circuitry to indicate a
9P at us of the nenory nodule 700. For exanple, the

SR 5 35 T G 85 BB o
application 1o matigee: 120 madowhimtdigitetchreuETY FTDBOU nganages data in a flash
device so that it appears that the data is written to a particular location when in fact the data is
being stored in different locations of the flash. The FTL 801 moves the data to different
physical locations in the flash memory array in order to achieve more even wear
characteristics. This allows the flash device to appear as a disk drive or other block storage

device to the processor.

The low-level drivers 802 are responsible for taking the remapped addresses and

data from the FTL 801 and performing the actual programming/reading of the data. In one
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700 is currently being accessed, and to display an

indication of its status, such as a solid light while
weowenedeaand a flashing |ight while bei ng acceBSEHUS20061@47030

additional circuitry 720 may further include passive

devi ces, such as decoupling capacitors to help

regul ate power requirenents within the nenory nodul e

700. Figure 8 illustrates a bl ock diagram of software

modul es of the present inventjon for progranm ng

menory devi ces. The nodul es are conprised of a flash

translation | ayer 801 and at_ | east one | ow | evel

(FET :
embadifeqi te eppodimegtyot tﬁ% PHE RIRETATRIG Be MIE] tlaghimgipory device are
perfodiéd by SRWMEVENMEISY 8rifer. it s well known in the art

that a nmenory system may have nultiple such drivers.
The high-1evel driver 801 acksidd conjunction with an
operating systemor an application to nanage a flash

MEND ¥urnfia@@ 1B Bm6bdigttnts ofthe pFdsenBRieiRiIAGese 3L Chon-volatile
a flash device so that it appears that the data is

memgFy fevire péthet frest onauSlly npeseei sH intemsame maerory pEayjag g plurality of
MLC &R TROpRIRIRM ik bEIRIIC 1a5a, MR ddi §|@Rfimined

The FTL 80 nmoves the data to different physical =
dynaptiealty e sontrelcireuitipeasiessas wBequtimeralp w-level sdiware driver in response to
doa PSS 0800 BUSABELE S ST TS Aoy i
the optiou lef stovinggengitvé cmletdat hethp Sdtawa for hipker reliatibiyeind other, less
sensiglglg\rﬁg{asinqgez a8t MISP N3l e 1,94y L aking the remapped

esses an romthe ‘801 and performng the

S TR s g o

be appreciatelby thbsesdt ardimaryysidlik v the at thapadyf axanegdmieyt that is calculated to

.l ow | evel menory driver... usi on l.n su [ t he
achicyle ot P 1 U BHERE oL e s B SRR it dhown. Many
adaptuviony of ﬂ‘te{ ilhegrlt‘ﬁmavh ¥ steappaeenstd thode of eakitiarg Islkilﬁb%e art. ?ccordingly,

. menory cell i e sane mepory,array gs.a plurality of
this ‘M_P%EE%?%!S “ﬁ?é‘gifi E?g“r“é(ﬁﬁ?%?‘i%&%%‘j op jvargtiong Af thg ’ﬁ“’?%téon- Itis
maniiéstydainded it 684 Vehiebe KRGy ¥y B ©ABWIsY claims and

.Ci.rcuit/processor executing a |lowlevel software
equivpleRts thergot esponse to data reliability or address

This gives the end user of the M.C non-vol atil e nenory
device the option of storing sensitive code data in
the SLC area for higher reliability and other, |ess
sensitive data in the denser M.C area of the array.

Al t hough specific enbodi nents have been illustrated
and described herein, it wll



be appreciated by those of ordinary skill in the art
that any arrangenent that is calculated to achieve the
W@ 20e/0p1Is90ose may be substituted for the speci PET/US2006/047030

enbodi nents shown. Many adaptati ons of the invention
wi ||l be apparent to those of ordinary skill in the
art. Accordingly, this application is intended to
cover any adaptations or variations of the invention.
It is manifestly intended thaty this invention be
limted only by the follow ng clainms and equival ents
thereof .\\hat is clained is: 1. A nethod for single

What s\7limsAddr amring in a multiple level cell nenory
devi ce, the nethod conprising: witing desired data to
one of either the |east significant bit or the nost )

L. sj frinethed for singledevel peoggamming g mutinlp devieheell memory device, the
F ejnRftadoRth to the remaining bit of the cell such
that a threshold voltage of the cell is adjusted to a
vowrisige desives date tpipnedf Gither He ldast isimiflichat hit o2 theTimest significant bit
nmet hod | ai and further including determ ning
t he tyngg %g?%\&%o be witten. 3. The method of claim
2 whitingithe reimgforgipg datia td sheareimaining b8 afabeacelbspehrthaig threshold

high reljabil _ daf. i ring high .
densi ty O e it SRR R { e T T s R g iced date

rei nforcing data changes the threshold voltage for the

to.th el ired.f the desired data. 3.
2. Sebhe RSB SHRL 5 e B Em i BB o ve
t hweisten] d voltage in a multiple . level cell range of

t hreshol d vol tages such that a |l ogical one state is at
the nost negative of the range and a | ogical zero

3. St @heniethcd oft IS SFhepf ithd MBe OF dhtdenélad&EdatPreqliltthg high reliability
met hod of claim 1l wherein the nenory device is a N/END

f | ahdaia pesuiring bighgnemorydgasitit hod of claim 1 and
further including reading the desired data by mapping
the read nmultiple level cell data to a single |evel
4. celrhe pwthod & claine 1 wehad voiting the neiftfarhiegaiate ¢hangdsithe threshold
st ' .3:":. 10" state
mog B IEF o 96 S 00, & B PBERa ol i e
| evel programming in a nmultiple level cell NAND fl ash

5. TeHRL qu-:eo\ﬁ § c‘laitmhg wq"x%trer}g gtxecgegﬁ'%h Aatadias a threshold voltage in a multiple

. level cell range of threshold voltages such that a logical one state is at the most

negative of the range and a logical zero state is at the most positive of the range.
6. The method of claim 1 wherein the memory device is a NAND flash memory device.

7. The method of claim 1 and further including reading the desired data by mapping the

read multiple level cell data to a single level cell data.

8. The method of claim 7 wherein a ‘11 state maps to a logical one state and a “10” state

maps to a logical zero state.

9. A method for single level programming in a multiple level cell NAND flash memory

device, the method comprising:

determining a type of data to be programmed;



determining a type of data to be programed; witing
desired data to a least significant bit of a cell; and

woweorioaryes ei nf orci ng data that changes a t hr eshol/tS2006/047030

10.

11.

12.

13.

14.

15.

voltage of the cell to a voltage |level required by the
desired data. 10. The nmethod of claim9 wherein
witing to the least significant bit conprises witing
to page 0 of the nenory device. 11. The nethod of
claim 10 wherein witing the jsei nforcing data
conprises witing page that is not adjacent to page O
of t.he nmeno devi ¢ 12. A nethod for single |evel

pr Wﬁpﬁﬁﬁ?ﬂbeqy‘??t%\t% f‘?‘?b?‘%“llﬁé%lglb“'c%q 3cstbpdy device

C OWRkih§ kAHFFERBI M4t AMHab cling8aS thredHNd. (b e AR o MRS BelfRfa Poltage level
nmost significant page, the method conprising: witing

desi r edfegiirgd by the Q?Fé’fedtqﬁ‘é'f‘ | east significant page or
the nost significant page of at |east one nmemory cell;
and witing reinforcing data to the renai ni ng page of
t hEhemethedsaf chpim frhsrgio oeitingstadhe tepsitsighiicansibal evimprises writing fo

'Osoﬂhgﬁihr&?d o Page to the previously witten
an

eac s conposed of reinforcing data
to the desired data. 13. The nethod of cI aim 12

Wh’?ﬁg thtola f‘nefd) g/hle}c'éu? %ﬁt mp qgg remf 1&1_& %Q%,]cofrr?}%rfs'%% 81ntmg page

pages romthe ast sl gn|

of that winot G avdrete page h@fﬂﬁ&hempgsndémeant page is four
pages fromthe |east significant page in row zero of
the single level array area and six pages fromthe

I eAsmetﬁb@ fibrf Siggla ue\paa Peogramirieg freaRiuliiplg 16veivseld fnehhﬁ‘y device
ar ea.

A nme i ce .conprisin pluralit
nu?ft%n%n$ E\?é*rorzé%’lﬂga Wh%arﬁ%t Bag® apd aynot S@r%%ant page, the
and,eﬂiodl‘@&ginsmge Si ngI e l evel cell within the array of
ceIIst I S.progr; G}g reagasasinglelevel
celVAtipg F%‘E‘iﬁ’o‘i‘?é%“t git P? st sighufiqaid Page pr@egnogt sigmificant page of
15 wher gf 1Badt e Merh685Le1086d Si ngl e level cell is a
plurality of cells that are dynam cally chosen by the

dr Mhiipg reinfareing daga o thegermpining prAggiedthe &l leassiopg myemaryeell such
data st g.ethd @ﬂaﬂﬁnﬁ‘ﬂa&é Rl aenr%ﬁy%hc&l? bL to]tie ﬁglﬁ?usl)ﬁwntten page

device of claim15 wherein t rray |
menory &f eapp. celig@ndiih congosaseofobingdrging d}.ﬁa tohtdye efesired data.
programmed single level cells are conprised of

The method of claim 12 wherein the most significant page is at least four pages from

the least significant page.

The method of claim 13 wherein the most significant page is four pages from the least
significant page in row zero of the single level array area and six pages from the least

significant page in the remaining rows of the area.

A memory device comprising;:
a plurality of multiple level cells formed into an array of cells; and
at least one single level cell within the array of cells that is programmed and read as a

single level cell in response to a driver.



threshol d voltage levels that are mapped to either a
| ogi cal one state or a logical zero state. 19. A flash

WORIB/y776e Vi ce conpri sing: a menory array conpPCHURP0OE047030

16.

i7.

18.

19.

20.

21.

22.

23.

plurality of cells that are programmable to nultiple

| evel s within a range of threshold vol tages; and

control circuitry that is adapted to execute a single

| evel programm ng nethod conprising witing desired

data to one of either the leapd significant bit or the

nost significant bit of a dynamcally selected cell,

and. witing.reinfarcing data to the remaning bit of .

t hihe dpyice Sclaimd Sqgireia 1BF sLlear A oIgifo leap P elig a plurality of cells
r eiak afeCdypamilell iy HAE&ISH$ thit AV R 36 otk ¥2h @S ENBhef Aliability than
a cell being programed to a |evel consistent with the
deg?tﬁé@r%tr‘aﬁheZHL%F‘P}HW@"@&??]E@ of claim20 wherein the

desired data conprises one of a negative threshold

voltage for a |ogical one state and a positive

t hiTkg Hevige obflatgd Stwerain thgamay iy NA N lagh nemoryqeray.

device of claim2 1 wherein the logical one state is a
furthest state fromthe |logical zero state in the

r aifye device bf elsho (1§ whercmguegrazgnedssingledevel sylds amcomprised of

COURE B PR E R et DB SRS AL IR R Srogica zero
cosfpteed to the processor and operating in response to

the menory signals, the nenory device conprising: a
plurality of nmultiple level cells forned as an array

of Acfhdhanerdodadsicd ¢cdhpisingui t that prograns at | east

one nultiple | evel, cell 'nasinfelevel format .in .

r o8 FURY YIS aY FOIRETEIS 2 BRIy .°f§g 1s that e proeraphRAble to multiple
conpri siieg@ls Rithihl 4 fapke olf Bueshol@ Wokgedy vy arranged in

rows and.col umms such tBat the rows conprise word

| | RRATQSHSHETY 3t SGARPSH g axeiiot siaels lgyd pregragyming method

Menory e8hipsisipdvfifify ASdiHINGatL RNBHd oTRitBbt theil&R8 significant bit or the
coupled to series strings of nmenory cells, the nenory

array f oresheienificanhbiéef pdlynemisally selseted cehmndowritipg réinforcing data

circui t hyfd@hatSnddarele LG Performsingle |evel
programm ng of at Teast one dynam cally selected cell

of the menory array by witing desired data to one

The device of claim 19 wherein the reinforcing data adjusts a threshold voltage level

for a cell being programmed to a level consistent with the desired data.

The device of claim 20 wherein the desired data comprises one of a negative threshold

voltage for a logical one state and a positive threshold voltage for a logical zero state.

The device of claim 21 wherein the logical one state is a furthest state from the logical

zero state in the range of threshold voltages.

A memory system comprising;:

a processor that generates memory signals and executes a memory driver; and

a memory device coupled to the précessor and operating in response to the memory
signals, the memory device comprising:

a plurality of multiple level cells formed as an array of cells; and



of either a least significant bit or a nost
significant bit of the cell and witing reinforcing

wa@ a40a/067768 he remai ning bit of the cell; and a PCT/USI006/447030

24.

25.

26.

27.

of contacts configured to provide sel ective contact

between the nenory array and a host system 25. The

nmodul e of claim 24 and further including a nenory.

controller coupled to the nenory array for controlling
operation of the nmenory devicg in response to the host
system 26. A nethod for single |evel prograrmi ng in a

mul tiple |evel .cell NAND fl|ash menor

corpr | PrARHOEHEHS e gl 1St ROUEGHRIF Ferehgell in a single leve
determ ni ng Foiy§an eéspdaéeatolthe Beenibr9@aerned; witing

either multiple Ievel cell data or single |evel cell

data to at | east one selected cell of the array in

r eANABSSry MolliR dovifispig data; if the type of data is

i ndi cative of highreli ab| it witing desired data

t 03 gyltipletleysl mnegpory asayy| araﬁae%q 1avripndegolrpre susl thiaitthe rows
toare bapese

t hresho thl\%l IQig Sg’g‘i gﬁést édg'%clzééﬂo ct()'ci)llt'}gi %%I tag el§ Hu?aht?, of memory cells
r equi r ednéyhe ¢rdumas compriskabia lingheoupled teesetigpetriogs dbmgmory cells,

s i ndi
Ioles: r eIdQ a{na | gy ﬁﬁ?’??ﬁ% g?ferérég&gzll xf’lé{rm nlgel?a&g ‘?w
metdoblaircoitai w6 aﬂh}@iﬁé it pewtoinp nigtgtdievdesbgremmiag af atleast one
a mult I rises oqr.anmm ng. t
cell t '0%38 aumgclaﬁ g3 &% Rt egg g; ’?)E}egllge? rr?ryp{’y gvrﬁﬁlg dirtdGata to one
singl e pfegharmicay stynefiednt bit.c2G. méstrbgmificans ittof e ceil and writing

ComT < B RSB ) * 97

| owpheukly dfessRtagtstion¥ighiedad ravide BEleyti btn€Rt BetWtlef Bhe memory
to the proces or and operating in response to t he
menory SFg%APE 2 hosbsYsiidry devi ce conprising: a

plurality of nultlple | evel cells formed as an array

of cells; and a control circuit that prograns
pl Ghamadpleet dam 2hpad fethr !%@W@g.armangm@rmﬂléx/@qupled to the

cellenfd?¥ %l'fGr écﬁﬁﬁ@lﬂ%oﬁé?aﬁ(k}?oﬂhgnnérﬁéﬁ%l deVRIERh Yesponse to the host
driver and he | ow | evel nmenory driver.
system.

A method for single level programming in a multiple level cell NAND flash memory

device comprising a memory array, the method comprising:

determining a type of data to be programmed;

writing either multiple level cell data or single level cell data to at least one selected
cell of the array in response to the type of data;

. if the type of data is indicative of high reliability, writing desired data to a first bit of a
cell and writing reinforcing data to a remaining bit of the cell that changes a
threshold voltage of the cell to a voltage level required by the desired data; and

if the type of data is indicative of high memory density, writing the desired data in

multiple’level cell manner.

The method of claim 26 wherein writing the desired data in a multiple level cell
manner comprises programming the cell to a desired threshold voltage level with a

single programming operation.



29. The device of claim28 wherein the reinforcing
data increases a threshold voltage |evel for a cell

wheingepsogranred to a | evel consistent with tPeT/US2006/047030

28.

29.

30.

31.

32.

33.

desired data. 30. The device of claim29 wherein the
desired data a positive threshold voltage for a

| ogi cal zero state. 31. The device of claim28 wherein
a logical one state is a furthest state fromthe

| ogi cal zero state in the ran of threshold voltages.
32. A flash nenory system having a processor coupl ed
to systemnenory and to a flash nenory device, the
system conprising: a high-level driver that is

ex%ﬁgﬁg[r ¥ &%eﬁﬁ'g% r and sel ects nmenory |ocations

evice to which data is witten;
and paodegyer] thmendratqsenemeuupg@ais ped exgeubisghhigl lesel memory driver

driver, anla tlobvsﬁel%xlgr%?&%ldygﬁvérh Qprocessor to wite

single l'eve |pIe | evel cell nenory
| oeaté¢moons wuchectoexpmmdh@prdch&mh aghep@wthg dr fegponseto the memory
response to aﬂtley at.a being.witten. 33. The

e
system ofE e i m%f% BY'R° fHep Sm% of data conprises
ei t her i glhratiey ofibiultiply [elet acltsrfoha%asamstrhy vEcellat and

a control circuit that programs a plurality of multiple level cells in a single
level cell format in response to the high-level memory driver and the

low-level memory driver.

The device of claim 28 wherein the reinforcing data increases a threshold voltage

level for a cell being programmed to a level consistent with the desired data.

The device of claim 29 wherein the desired data a positive threshold voltage for a

logical zero state.

The device of claim 28 wherein a logical one state is a furthest state from the logical

zero state in the range of threshold voltages.

A flash memory system having a processor coupled to system memory and to a flash

memory device, the system comprising:

a high-level driver that is executed by the processor and selects memory locations of
the flash memory device to which data is written; and

a low-level driver, coupled to the high-level driver, that is executed by the processor
to write single level cell data into multiple level cell memory locations as

determined by the high-level driver in response to a type of data being written.

The system of claim 32 wherein the type of data comprises either high reliability data

or less sensitive data.



