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PROGRAM METHOD W TH OPTI M ZED VOLTAGE LEVEL FOR FLASH
MEMORY TECHNI CAL FI ELD OF THE | NVENTI ON The present
WO poenss3en rel ates generally to nmenory devi cespemudsion6/023086
particul ar the present invention relates to Flash
menory devi ces. BACKGROUND OF THE | NVENTI ON Menory
devices are typically provided as internal storage
9
PROCRAM NI Pl ?ﬁﬁ?]{gm YOTAGE I kL ROR A Asmr
chlps There are several erent types of menory
used in nodern el ectronics, one comobn type is RAM
(random access WﬁﬁﬁNK%LF@MﬂO##Hﬂﬁﬁ@ﬁh@ﬁ'St'Ca'|y
found in use as main nmenory in a conputer environnent.
RAM Tlaf present inventian tghates\generellyrémmespory dryices end jopareitiar the

dd f RAM Thi
prsef bl FGEIS PR AR 15 ou'ont Vo read
data. Mbst RAMi s vol ati means that it
requires a stead QqKQEQHNDéFQPF&$X@¥§O¥O maintain its

cont RRhdry &§v1§é%%e @?lctan? PRAVERA ak $ntbiabN@GraRé hreaddah&¥&hputer.
data was 1n ost’. Conputers al nost "al ways

The tmrumamnrsaldsmﬁets damtmag@ma? eabsam the faemof nt¢grargy cireit chips.

e R LR PRSP B e PRI Sl segaon e s
RAM(baidoshoaddeds th&éry). "RANBIsahaRBlesiBicalll; fobel ih uﬁ@ BOMYin memory in a
cell s when power 1s reaned are generally referred to

compyter gsropgIcat-i RAMyshiers fetpad apd PEBRORMOE; daat is, yay Fgn both write
data 1‘?1!’0%&M aﬁldﬂre? {1@[% IQAE\/E afniO N % cgﬁtrﬁ)sgis/o) %b%%vlﬁ&?éérﬂilts you

non-vo can be er exposi ng
only ﬁotreetcbdmm ElosicR AM B Ivotatide, g&éuc}EEE%R@Wlai dnpquise asstdady dlow of
menory cells having el ectrical | at ed
clectiy g MU GG Se & SOBRERIP SOBEbISHr U EE gkt was
RAMGEIdse in the formof charge on the floating gates. A
typical floating gate menory cell is fabricated in an

I nt e@fn%g@%rscdhg]%k‘t' Aw D haR ﬁsrﬂfﬂg aﬁlﬂﬁﬁt%‘%?éadamﬁ?ﬂif'eﬁﬁ) Ty (ROM)
regi on rain region t I s spaced apar ro
that hbhls isshuctiensrfegsterning opftir conaputém tlénlike R Vi ROM aredot be written to.
[ oati.n ate, typically nmade of .doped .
Memiygitegices fhod er S ol coBr sbele RaiaRer o i gttih pawar s
remo*ire‘& £¢ g&de&élﬁaﬂekéfrédft@ hedh &lvé @R b diorlshen E@PROMF‘EHE&%aHy

ielectric material, typically an oxide.
erasaldﬁ @mﬁr@nmgbleeeworde mearorieis Eoperal tivest lwevplntﬂe R@Méhatwgn be

and t. nnel on trol . C
erase i fibeil Bt et 67840 PEPR OB M 83 B Fltemory
cells eopadelpatiyaiyl i6lard gates (ﬂoatlng gates). Data is stored in the memory cells in

the form of charge on the floating gates. A typical floating gate memory cell is fabricated in

an integrated circuit substrate and includes a source region and a drain region that is spaced
apart from the source region to form an intermediate channel region. A floating gate,
typically made of doped polysilicon, is disposed over the channel region and is electrically
isolated from the other cell elements by a dielectric material, typically an oxide. For
example, gate oxide can be formed between the floating gate and the channel region. A
control gate is located over the floating gate and is also typically made of doped polysilicon.
The control gate is electrically separated from the floating gate by another dielectric layer.
Thus, the floating gate is “floating™ in dielectric so that it is insulated from both the channel

and the control gate. Charge is transported to or removed from the floating gates by
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The control gate is electrically separated fromthe
floating gate by another dielectric |ayer. Thus, the

wé baatidssgs gate is "floating” in dielectric so POBUS2006/023086
is insulated fromboth the channel and the control
gate. Charge is transported2 o or renoved fromthe
floati ng gates byspecialized progranm ng and erase

e BSAH £ EIREEL Pl N G? STt

memdvgnmdlyde, bet are abelimitedtoRBolgmier Rxeesg, Idervelegtr{cHemabn, Access

e Bk D oS P Mgy (U Dol HeEnegipsspye Kondom

AcceRMe¥BhANVIRgMIEMOrY is a Flash nmenmory. A typical Flash
menory “conprises a nmenory array, which includes a
| ar go I r
o PR e TR SR b Ly SO Kyl
memcﬁmn:edljivﬁdesl dmeambiyedrehye whirhtindludes i 1stgemuffbled 9f memory cells. Each of
transi st or Theffells are usually ro ed intoQ

the memorY ghis eelvdes @ Hhasting gatp op ehagee tr S P i a field effoct

e »
ot DO 680y 64 LB GO
Each of ‘éle reelswithin anhaasgdlock dag bie electricallg pogeanmed selediely by

erase erat.i on erein I
runnqlig 3paras RENEiRGr e At ER et eispdn BBigellyRenip g om the
floatif 886 BylableckSdrad! opeRBBH AV hR8in alltﬂdaﬁng] gﬁt@ Ghdnh@y cbl'Ds in the erase

recent Flash nenory devi ces nul tip its have been
blockgxr eraged in agingle gpaatéan (1t isynotad thﬁtzln m@cemm@ﬂpmemory devices
¢ r [
S AL oL B SR DEPOONE N SO0 LIPS, o o
condlm‘twé bkargetihpEag thyat sl dridghdataeappeyl i€ & chark&Ehear Bieh of the
compn types of sh menory array architectures are
sourcgg)dramgey| ef&ﬁ%}"f)’l\@% FEchitectures, so called for the

resenbl ance which the basic menory cell configuration
of e&WR camapin types pidlashenenaory apay jarchipagipres ar YAND” and

“NOI@l 5rgffﬁlltécn{rése 3 8&1@ de‘8} e ré&m%ﬁ%c%@ﬁh@%as% ﬁl'%hfo?ﬂe e,

array are
conﬁgrramg@fcbabhl aﬂ:hl’mcttunemas fbl‘zebag;ai WAND o€HOR gdwamu’ng regpécgively. In
nory cell of the_array matrix arﬁﬁa?nnect ed by rows

the N. yeprehifesture, |t ggatl(r%a@ PeRey)ce the gpgmory array are arranged
in a nSRANK. c%@l EAbISF e%a% ﬂsaﬁfgeg“akee&eﬁ]eﬁ%&wmhéaﬁ AR ROEdected by

source |Tnes. array architecture al’so arranges
TOWS tot woralraelwt btﬁesf(Woat Timey) gt téemmg/dtamsl age bonngciedte column bit

ines Gk g 100 A0 S R oS A RN 7 hsea 1} FRiLof Hoting sat

memdiWBN S LAGRxTROP 4t 6 Ightek Sf Bh fwaﬁﬁg Fhﬂé n‘fé?ﬁtﬁ? ‘é&l@@f {he array
a source line and a colum bit Iine. I'nstead

are CoPRAYEY bY: mwsstowordﬂmearﬂa‘ye\mr sady mamgutedlay @@hhrectlﬁ connected to

a souxtsc% 'jan 95d P%X 1{ Mn §L6a<% ?rle mglgp FeeliRe gtht%%(rjﬁy 85 ea?ﬁa%ged

rrng & Conn
togethen i15 anngﬁ typicully(tff 8§ <D6 ;BabnmoledadkBiheae QRMBRISVENS B the siring

l'ine and a col umm
are connected together in series, source to drain, between a common source line and a column
bit line. A memory cell of the NAND architecture floating gate memory array is then
accessed by activating a row of floating gate memory cells coupled to the selected memory
cell by selecting the word select line connected to their gates. In addition, the word lines
connected to the gates of the unselected memory cells of the string are also driven (at a higher

voltage) to place them in a pass through mode to allow access to the selected memory cell.
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bit line. A nmenory cell of the NAND architecture

floating gate nenory array is then accessed by
wacbtiwvasismg a row of floating gate nmenory cel | scTtwsploed23086

to the selected nenory cell by selecting the word

select line connected to th&ir gates. In addition, the

word |ines connected to the gates of the unsel ected

i AL o A5 Bk P e
the mérBorg by QipBAGES Srogeanitiigseltant @detieyaiiptogaminitp voltage pulses to

ogramm ng techni que for. Fl ash nenories pr

the coptawy gelessag Eyo IR eRdRbiPifingFhessleakdigemont %@E g?nr%f}l%@ program

(set at‘é%%i%gg"@”)g& infabi Slgotg{r%%ﬁlﬂgﬁﬁgﬁif ﬁﬁeﬁ{ﬁh ?@&ﬁv@%@lfﬁéseﬁ%n& B& at

ates a ranm ng or Inhibitin
logicab ©1°®.c Thekerprogpmyniag veltdges aid/brepules agrtapicéléeset &y the design and,
. | ogi cal "0Q") or, inhibi not . progr usual |y intended .
in certayy qagery e?eé@?fameélr% AT gt n%-Plaﬁ%é% e reasing
manui%&t%gé QY HowWelet, U6 Fo ARAMMENRKS PRZeRNArihiYdHsFRInh }éhlg ?& chip, or

y the design and, in certain Cases, are trinme
even fswh eegienl tadiggiongr réwe toveovud acmemiorngarpye velseyery Xlesthaemory or

i Nncr easi manuf act,ure cqsts.. However,, due t
Flash g iey o7 A h G OB DL RS aps A S RE R i PEf e ygltage o
additi6,@Red AR tBIpRBrdnSnin@GoRiged ard @lécted dudiie@handfdveirBipyfor the
array, not every Flash nenory or_ Flash nmenory cell

individpal memasydarice fis sesramning ehagaciusistishel the epasy davies sy change
e QbAoA L SR B8t QR

i ndivi dual menmo devi ce e. proar ' : .
char it (i teaf R Sl Shhe a7 RSP RER. B pelgyerieh it
beconiBdpphithStotheg skilledliagie £y Eoaseadifig ehbRgREtdndirhebiesent
_voltage or temperature, For the reasons_ stated above,
specifigation.ghergihenreqddn dsnast Br altergatheq weihags iprogrpmoyag Blssh memory
an.ewgapparent to those skilled in the art upon readi ng and
under st andi ng the present specification, there is a
need in the art for alternative nethods of progranmm ng
Fl ash nenory arrays. SUMVARY The above-nenti oned
probl ens with programm ngukihvagk nenori es and ot her
probl ens are addressed by the present invention, and
wi | | Theeabonersrentigped prpblens ayifpragameping iiash mageories and other
[ 3 r ;
probiefly 48 AR ER O s SRl et AR SRR sSading and
studyinfgehesfolloddigspesifipatigr. ammed i nto the array of the
menory in a parallel operation, such as the
pr ogTladWerio@s efnbadifentsatlatelte praimniigd fidyvolatild nvdnesre devices,
t he progranm ng cycl e repea%é with anreafing )
whergi 87 AR BRI iatthe atyey of the msmuyy dhd BELLE; qpsragipny syeh as the
[ e [ ;
pro e A B R Rt B LT B s with
incregein@gragrainntng voltage levels to program any bits of the data that failed to program

correctly in the previous cycles. In embodiments of the present invention, the programming
voltage of successive programming cycles is increased in relation to the percentage of the
data bits that failed programming verification during the previous programming cycle and
were not correctly programmed into the memory array. This allows for a faster on average
program operation and a more accurate match of the subsequent increase in the programming
voltage to the specific non-volatile memory device, the specific region or row being

programmed, and any changes in programming characteristics due to device use and wear. In



10

15

20

25

30

vol tage of successive progranm ng cycles is increased
inrelation to the percentage of the data bits that
wo asobass3ps ogr anmi ng verification during the preeT/O8806/023086
programm ng cycle and were not correctly programred
into the nemory array. This4allows for a faster on
average program operation and a nore accurate match of
n
one epﬁgdlin%r’l? &?tﬁg P%eg%lﬂ%feﬂfg? Mér}l %Ifep ﬂa'g{\% rgceg?/ﬁgs? p%gf? 1.S ec1ﬁc

memds@ @bﬂﬁe Brcha@vtebieedigy gér@wmmaﬁﬂecamdp@emsgﬁe gmgraxmmng voltage
ranm ng characteristics due to device use

mcre%é afoﬁ1q= Hotsb thedssiardrAgragripg @oberg@sd@}f@/mqﬁ%ﬁfqr@rgwaalllng
perceggggféﬁ&it%ﬁ Qn%@%ﬁl%%sé%?ag& Qﬂh@g%s%ﬂt 1ﬁ~9e%‘ﬁ¥)£ 171 g@%%&d apparatus

els aracterlze y generating a
are reﬂm«bkn tlmqﬂo grampting o Adata irgo vai-velgtile memeysieviveodnd, én paticular,

NAN§ b@ﬁR t%%gregléﬁ%&%g]@&g%%gg té‘?(g&b q&!gt a{ :1 n 8 Fn 2 ase for

enbodl ment of the present invention, nethods and
appal@itans eathediainiy the ivsptiqzropidsyp Bethodpt Spergtinga ner-yolatile

B PRSP of B LA A DB

array o6 theaioa-voidtideineeoty dévies innpeogrammipg oydlelbg applpiglao dnitifl
oper.at i anonvlatlle menor. evi ce, c sin .
pro grﬁlpq.g)dlil Yﬁqjg’ﬁﬁ t%la uraliy pf gleglprjagﬁllg tﬁqttage §ellﬁcger£po proggrammed with

the pl‘ﬂPdi‘fty Of @i bits, TRADH o304 A gRinrhing VBRE%eVﬁlaastele'ct%d 'i‘@lﬂﬁ’éﬁ/to the
ewcemaprogranmngccleb pplying an initial

perceptagg pﬁﬂmphgahﬂmqu dafe biits thmt @ul@d ) pmyecolfy pmmnyntoéhd: plurality of

| b h the pl |
memfy WU P hF Bt bbI SR e BIE fetib g Ge sY08 difafine
progré@hffd 8forceraidre Ehelm‘brfr Balsﬂﬁét%ﬁ%g?ﬂaﬁéra&ﬁiﬁe@ labid aibplyMg the

of data bits that failed to corr aminto
ncre@ﬂe@ PEISrAmMiTS YAkiase (p Rregiag ¢fe o ieorR §HS vg 1%? aéhﬁéw&ﬁdyo program
gﬁ}; ay during the programm ng cycle, disabling
proogranm ng of one or nore menmory cells that correctly

o3t T TR A0 L ST GBS T g o

comphigink@€keivin®h pEypRdh@ ey @@irhahd dnd p@@hﬂﬁ&fa‘caﬁdﬂﬂmﬂmﬁg Atplurality of
t he invent]on prow des a nethod of programm ng data,

data RisnprosmBingdeeplraiey af bt heCBARBlSANERRTY BF8Y bt
s PO PR Bl eSSy 481 PRNTE Gy e
that aa¢ sedectddrio de pragamniet Ngtlﬁhe pirdlity ap gaty bng aad atterpfied to program
oy s 3 QBB o SPGB T S ey

Verlfﬁﬁ ﬁﬁtﬁulghttysof d@ﬁ%l@totfﬁfﬁé%rﬁ gatta%r@gr%%mﬁmfh@ﬁﬁ%%y of memory

s”of the plurality of nenor s that fail
cells pf td;g namvokatﬁeanemyrmayvmmeasmg ghetmeglpimmag volagsfin daclacted

oS beB AP SRS R PR L AU R SR ke Bl v

pluralifyCITeRhdiy cbl'k@ dREPEHSHBEREnYAL baese d)ﬂln@reﬁﬁélﬁ@ﬁy%élls that correctly

programmed, applying the increased programming voltage to program one or more bits of the

-
ﬂ

data that failed to program correctly, and repeating for one or more iteration cycles.

In yet another embodiment, the invention provides a method of operating a Flash
memory device comprising receiving a programming command and program data containing
a plurality of data bits on an interface of the Flash memory device, transferring the program

data to a data cache, transferring the program data to a write data latch, calculating the
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relation to the percentage of the plurality of data

bits that failed to correctly programinto the
w@bwwabssBy of menory cells, disabling programpanus006/023086

one or nore nenory cells that correctly programmed,

appl ying the increased progdanmm ng voltage to program

one or nore bits of the data that failed to program

numb%f;&f H&tb 156 p%?arﬁt‘ﬁ@ g) néf?%dm Wk h%fc% Bg dith %%&%Lﬁ%grannning

ano e 1 nven
the plotadivy dféhtaabltsahhijlaéh mpmbsgt angy ia afpraghmmEn® cyclelby agying an

conpri si.n recei vin . Ppr rannln nmmand _and pr.ogram
lmtlald%rpgra@amlg Veltaes tg 2 .@ﬂﬂ?lé'{‘)f 0? %%orn ¢l tgaft age gilechgql to beprogrammed
f
with %1? g’gﬁlﬁ? o @fta bRS, Al %&&n@ﬁﬁ%f&brggr‘éhf:@g théBRS RIS bfde &)Hz?rz]ahty of

data to a data cac ansferring the progra
mematytcalls thatsfaled toeprdgram ¢oatecﬁy bsz atecifiying ltheg)luﬂabmpﬁﬁata tofs of

prossii G o Em R P A Ak B BOS) ) e Brp Hray,

calcu1aﬁh€ tR rﬁ'rrib%h oFBER0Yy &1l Wat 'fz!iile% 16 pRGEATTbRECSY 6416uling a
ying an initial progranmng voltage to a pluralit

percenfagﬁeﬂbp j?'h?é@llltb’@f tatatoity that &dled to efmftcayméo%mgma rtheplurality of
memwlytcgllg %‘ rgl% 15'1%@) rr%l% ¥1u1%fbf3w1d biﬁ,s Q? hé prc%ﬁ Qmﬁgé ﬁ ﬁl% dtat(:)a cache,

mcreasﬁig tﬁe ph)@tmﬁmidgesdﬂttage P oglpadaelaties td the lp}trceﬂtﬁgé 6ﬁ/ﬂhél glurahty of
urality of data bits of &r gram dat a programe
data blmt%attfﬁ@dﬁp aﬁtaﬁqtkywregraﬁ@m@ee iy of nleﬂjé’fX:F%@hdlﬁ@J'ﬁlgy
LAl
poa o RIS R MakSF OBV ko FAREKnGEL Syl 0
incregsed progrguhmirg] vdliggofo piaglalrkxme&rtrmm’e bitadf e dota thairfaidasit tb program

ograminto the plurali.t nory cells in relation
correfily gﬁfirena%ﬁ&ft%?nﬁﬁ Sttt eHg e hel d 1 ¢ he
data_ca i ncreasi ng the progranm ng voltage in
sel eliﬂtae &1 epbskiment, %@énmle% REOYides 3fsystam qsmmnémgta;}wst
coupl@{i t@@fxéh pbl'ét?letrﬁ'é)tj o&ﬁejvfég e AOH- 'i/ %E e)in&ﬁ&?'rd%(ﬁcb bR Phgiﬁg a
pl ura nmenory ce di sabl'ing progranm ng o
non-\@&%ﬂ@menmmarmammq/a ceittd sthanadine @ity wheregy thewendrol state

mact it it FEPGRTna PUSELD B AR P s gt Gt fetnory
array 99k Fﬁfgirdlﬂrnn@“t%efa%léﬁ ak/iapelyly mﬁﬁﬁlap ro@rl’cﬁlﬁnintgafoﬁhg@t@ a plurality of

cyc urt her enbodi nent, e invention
memwwﬂ&j@@t e s@lgwt@dﬁ%lmmpg@mﬂgedawmﬁte rhealityed dets bits, and
attemg%) 5¥ rgéraln mn%m%/lrync%}# \8/% he?ﬂﬁaﬂ%@f \r/n%lm rl}/ lcglsfm %‘X%‘li to
pro grammoﬁed:tl}%ﬁtvenﬂa@the Plirhlitg i datablive Hed glﬂarhﬁlled @6 theddlurality of

st atliq machine cjrcuit is adapted to 8@ogram a
memeyly gely % e pon-yaket] eﬂm@onymyi nereaspg the naegrPBHREHeNage in a

Y,
selecii%ﬁ IEQXU IMo qhéé]? nﬂr%‘ 0'\; gl‘[\e%)lgg%ﬁb}()@ghap B1?sc’cﬁ%1ttf’§f1%if t%rborrectgly program
into th@p]lumlﬂty]aﬁ memerysc&llle,odlmiblmg) ph@rmmgrg&rﬁmd omrtohe tolemory cells that
ur al | of d at t e ram a

It
corre s ip gt e A g b Ry BB g8 i B One or more
bits of fel dath the fRAQDHLA r@srebity, Bid rééﬁﬁt‘u@’ foROnd B‘Lemore iteration

plurality of data bits programred I1nto the plurality
cyclepf

In yet a further embodiment, the invention provides a method of operating a non-
volatile memory device comprising calculating a number of expected data bits from program
data to be programmed into a non-volatile memory array in a program operation, calculating

a number of failed data bits that failed to program in the program operation, and increasing a
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menory cells of the non-volatile nenory array,
i ncreasing the programnm ng voltage in a sel ected
WO edoatiBssB3 t o t he percentage of the plurality oPCTEEZ06/023086
bits that failed to correctloa/ programinto the
plurality of menory cells, sabl i ng progranm ng of
one or nore nenory cells that correctly progranmed,

progfRRAi¥E D0l dian HAPEARIS doRpANGATTINGIAAL B8 g;giegtreg A8 Fand the

ne or nore bits of the
numbp of Edled datadmtd. r epeating for one or nore iteration

cycles. In yet a further enbodi nent, the invention

pr ov Fdekerambeiiimehtodf thp énahiinginalude At ol iah€ apEmatay of varying

devi ce conprising cal cul ati ng a nunber of expected
S¢OPYata bits from program data to be programmed into a

non-vol atile nenory array in a program operation,
cal cul ati ng a nGBREEDHCREZIONGF 08 &St hat fail ed

to p I N r ' and_.i.ncreasin .

ar oo BT P EPRLRA Ok MLRE 8L Rhvorf b BB Wt

memomyndesicedfi aecopixmte drittlahanibotdinan df theeresentiavemdionf ai | ed
data bits. Further enbodi nents of the invention

i ncl BigreBiswdmptined B%@E%bbﬁn 6f a NURY hridBit &L FlasBRldatory array
DESCRI PTI ON OF THE DRAW Figure 1 is a sinplified

in acegreanee gyithgpnambedimendyod thanressat @venting. a non- vol atil e
menory device in accordance with an enbodi ment of the
pr es Ergure hisssimpbified Plogudisgani ef asesiespiting o€ dodtingegate memory

| f rechitecture Flash nory.array i.n
ools 8L R0 Bt e RS b P i dp BB Po iy obouinent of he
presehtineeitionn. Figure 3 is sinplified block diagramof a '
series string of floating gate nmenory cells of a NAND

ar chirfed 41§ dih ARABAY erdEdd@hdigho @f%ﬁfeqaﬂc‘cﬁsﬁiﬂéﬁtgbn% floating

enbodi nent of the present invention. Figure
gate @pmgrystelldet ai | i ng erased and progranmed Mt
di stribution of floating gate nenory cells. Figure 5

i s aFigaved crawavedgmadiagetaddtaitigg a pprgpgnaing eygration of a non-
eration of .a non.vol at.i.l e noy, evice in )
volatfi@ s Bt BRSSP G EChtent invention.
i nvention ,Fifgur 6 is a flowmhart of a programrn
oper SIEPEH0 br2 Bereiertof are gramaiag PPCAROTH R FON QNI atchiecture Flash

mem®% FheArdor Al Qure 7 is a flowhart of a progranmm ng
operation of a NAND architecture Flash nenory in

acc Oﬁgﬁfg’?is"g ﬁ&vaﬁrtedﬂ%% é{:g%n?é oﬁé?gﬁ&rc?fsaeﬁ}\ND architecture Flash

I nventd on.
memory in accordance with an embodiment of the present invention.

Figure 8 is a simplified diagram of a sense amplifier circuit and control circuits in

accordance with an embodiment of the present invention.

DETAILED DESCRIPTION
In the following detailed description of the preferred embodiments, reference is
made to the accompanying drawings that form a part hereof, and in which is shown by way of
illustration specific preferred embodiments in which the inventions may be practiced. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized and that logical,

mechanical and electrical changes may be made without departing from the spirit and scope
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Figure 8 is a sinplified diagramof a sense anplifier
circuit and control circuits in accordance with an
wenidedssssnt of the present invention. PCT/US2006/023086

DETAI LEDDESCRI PTION I n the foll owi ng detail ed

description of the preferred7enbodinents, reference is

made to the acconpanying drawi ngs that forma part
of thB FeRBAt-i h NTHOESHR Wi ' i9fnd i i
e R 1§ el oAb R eken n o
limitingsepse, prchbeiseens. of Thespresastrnydirticis definel ahdy by ittredaiins.

sufficient detail to enable those skilled in the art

t o prEmhaddimenth of ihepesstitdnyengiod indudesnonovddstile nibetosy dedces that

t hat, ot her, enbodi nents nmpy be ilized and that )
progiagy, ﬁ%ta PH?O thsdIanToLaiTIe amay B aelaﬂtf?lr’% Qperatiem guch #ethe progrspming of a
row ¢ thB A A¢ BAREY, 108 WHeRHhE BR ot RMhide AR 1%%%1@&9{& i €easin

present invention. The foll'ow ng détail descriptio
progiagnmingeiobags leyeln ti prograpeanydiitsrofithe datd that failed)tesmogam correctly in

oo ST i A A G o
succes3i¥e prAafrinDE Rl ds|i S indRARIdin M 6L thd ?érc&{t% Ahé&@dta bits that

., into the non-volatile array in a parallel operation,
failed pragrajminge epifisgiamdiring th drgviossprorrankaingeyeleyand veagnot

] y repeats wth
corrdd ) pRIEA b 0B RRLBHE91e6Y Tk AFBR 7o MleD gp ansrapgpromam
operdtidnsandfa rhéve adatratetiath dthe esbstquent dgreass ®ahé poltamrhihg voltage

t he evi ou cles. I n enbodi nents of the present
to the sReg qw,—@ﬂ@g PleBr s AfvirRy theotpesifie region priosskeiggprogrammed,
d T MRl Bad i ' |
o B L oM ning oo ARG Mo WAl e Al A Woal, 1 one
embedimieht afdhe prasatht iriviegtiarhihe praavfaotising pogpessiisigy it apeitic

e Goviia (et gt §Rir Sl & iR B s irany p Gt e voluge
incred§iforafiltRt Setahe BEsHee podk shmalg FdMags QQ&%ﬂ?‘&g& foP& GRARA $ailing

in the programm ng voltage to the specifi
percepgpges datpibite. freems smbndiment of theepregsatinvertiane giethods rnd enparatus

' . changes..i rograrnnmng . .
oro o DA 1 o SRR PRSI g i,
NANDrimabINORrcldfectune Flasie seriory ay@Rtanddetibes. manuf act uri ng
process/ desi gn and/ or specific nenory device is

char #gges | 2edilby saeEicaididpgad of 85126 D iRBFFRRIRIENIPvolatile
progranm ng vol tage increase profile to set ‘the
memgps{svEd 19 of pasmbadimest ebije prrsentanventipe asmetisd taia hpstd 2,
. faidll i one, enbodi t of
wich B DRSBTSk B, PR o 100
such neh &lashl nfentory Hevipe, bgs aovhtivd iérfaat1@ciand an A0drey a8 inkface 108
devices and, in partjcular, NAND and NOR

that o5f E9ycoERese iR i proResTBR dekics AYs oo vememorsreatapd it
N R
dividedringol seperste interfaves. pntseaito theneniviotutil cmemecy deliten entrol state
machri]ge%on%‘rggéircuit 110 directs the internal operation; managing the non-volatile memory
array 112 and updating RAM control registers and erase block management registers 114.
The RAM control registers and tables 114 are utilized by the control state machine 110
during operation of the non-volatile memory 100. The non-volatile memory array 112
contains a sequence of memory banks or segments 116, each bank 116 is organized logically

into a series of erase blocks (not shown). Memory access addresses are received on the
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which is typically a processing device or nmenory
controller. The non-vol atile nenory 100, such as a
wob@sh3ssesrory device, has a control interface 2OBUSIVE6/023086
an address/data interface 108 that are each connected
to the processing device 108to all ow nenory read and
wite accesses. It is noted that in alternative
addr&SRe@iiARALS 108 tRdtiestdatnt iy §bh a5 dﬂz?cﬁedQ% A%w and column
divided into separate Interfaces. Internal to the
address poxtiohat Ohe r gss dleafoveadsireso g fatrhed tiad decoded by row decode

) i ng/ cont r.ol ircuit 110 direc t he i.nternal
circul] 12D DRich SHkes® anf bl a FR vt % Paowi g pvasey 5flspd the ofher
memoeRtcallp e thie? s ain gl acfBI b SE186t8d AfdthoPy Batk. PIHRMSt values

nana%enent regi sters 114. The RAM control registers
t

encoggeintappeputiof shaxetectpditpvadandsyory iellcamcomiectddtam a local

- ' ' - al i t -volati | .
i FRER B 188055 b P Shol PR Soneamntfer 12
assodiats@ ot nkememorEmky Tha ke @mphiiersen sisbkfpicARCMRANK data

16 is organized logically into a series of erase

1
cachi, sk RE e R LSREHAYIES (DEhoY i Ebe solmameddesasotihe access is latched
| tigy i .
T
selectsaheidesied dolasm dquter fromrike séive ampifiet cugaesand dvanedud to the data

a ss is.|latched and decqoded by row decode circuit
buti 346 Riroonfes Bp@ahe mmerudevi mesien Fonhas dlaarjgterface 108. Ona
writeSHeO¥R e dowRIBA Y cifBitl 120 381k R BB le'ﬁﬁ@@%lﬁnﬁ%ﬁigkidé dircuit

their associated strings across a s€lecte
selectsamiite seise apiplifiges) 128s Datrcvadeds th e tirdtepurpernnedted from the data

vt 58 B8 Rl FRTRAY S5 bl BRATSH B T i
122 sefveted Byandolant ddgideciesit Dy4 e eitaiR) the s@ested BBating gate
associated with the nmenory bank. The sense anplifiers

memarycellp Gt e e mampiycaray dar dheawitensstls oweithen wealected by
the g @B el e ALY M4 ool LT AL 582 b 8an be

access 1S and ‘décode
read toi vetify thal 8 coirbe valuephivedfeeh o geahmmed ide tiatkeleetetd Gudrbiory cells.

. selgects the desired colum data fromthe sense
Ttis Ié?ﬁf‘dfﬁ%?‘i 18,008, a'iﬂga lgleahﬂfo tL“B RifaettdavnHoR.Hac epltaniigradsr 24 peny be
optiogﬂgfr HladiH Bl e tRMIERSr 208V th&sdnbE Qrﬂfgﬁﬁ&gq 2.

41
ess/data interface 108. On a wite access the row

deco LS oL
Gecods S5 k0 BELACL R MR RLPAGE AU SR esrmon
and Hbshanemdnyesray archdesinies herthaf WANDThact ‘@®OR? architbeurdgtsa called
buffer.126.t0 t he dat h d then to th i ,
o o b S B 255 SO0 R gt e

desigh e HeQIOR Yk BrcBALUER, B8FRIEnE LS Hie&nol‘f léglﬁﬂir:]f oﬂtﬁg 121%%1% array

to the selected floating gate nory ce (
are agdngefl én arenebiizysimdleaip RAR or@Mar Thet gatesadlehsh Boaingipate memory

| ect by th d I d [ its 120,. )
cll oS5G5 Dl Al A0 B ST PR b cris
are cdipladebichintd it e Thekb@et oF edcH FRahay Bath m&% &l ANYBiLally
into the selected menory cells. It is noted that in

couplsfiéo @ peMBEIOREANICOTNG. hEhNORearehitaspsnlpging gatememiogharray is
accesg&f:wje?rojv@éec%ﬁé(r eRﬁvating arow of floating gate memory cells by selecting the

word line coupled to their gates. The row of selected memory cells then place their stored

data values on the column bit lines by flowing a differing current from the coupled source

line to the coupled column bit lines depending on their programmed states. A column page
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optionally placed between the nenory array 112 and the
sense anplifiers 122. As previously stated, the two
wa@oonnss3Bypes of non-vol atile menory EEPROM anBCFHUSEI6/023086
menory array architectures are the "NAND' and "NCR'
architectures, so called for9the simlarity each basic
menory cell configuration has to the corresponding
of bit BiHsGs SMRedBR sehsed) ﬁldtlﬁﬁvim @d’tﬁ Por R LOLE QELd M Em tltlé"fensed data
floating gate nenory cells of the nenory array are
wordg froam tiecolummpaggtand gominvinicatedtfronRild mem&9M The gat es
of each floating gate nenory cell of the array matrix
are CoNANI nteynory array architeotiirs alse Girahgerds aﬁﬁ? e flbatitSate
and their drai ns oupl (g }%ﬂ}fﬁo' umm  bi i nes, The
memgpy,gells i, p malidnsych pafinggate m@nwpﬁe},laaf tRe array
are GSI%IQJ Bfrdv: 8 ME‘EHQS SI%W&%r Eéd?lemer};&? Jgﬁ] R ﬁ&tﬂeﬁ% Eipfed to a
l'oating gate nmenory array i s acces
Sourfwelw@@d agohinuabit Hge. alnsted, dhe fkewaty c@lsgﬁﬂm armymlrg/amaaigleé

onel S S5 AR, 1 B S Bl e SRS a1 i

are co@plad WakmesinGBriéd) Sored 1o daill Eet{zvbél?§ c@ﬂmt)h Q¥iR8liRe and a column
iffering current fromthe coup ed source line to the

di

bit liggy ybirie allews uhANID arrpy n@hltme il hm‘ga aolmghenenmnw@gﬂ dmmtd than a
b t ed

comBe MO T W PRIESElce dibPDy iPu b Pl Pl pppmmmming

compledtysensed data words fromthe col utm page and
comuni cated fromthe nmenmory. A NAND nenory array

ar chig ReIND ercBit&cburd floaifie gatk hi%niHr%r @Ma@ fs deb&add E‘_sga Hﬁi& 8ecoder
nmenory cells in a matrix such gat es of” each

activalinga Toygokieatingeatsmyeraey|cebs by ﬁ@ec&mgélye wpr aﬁtﬁsrbh@edcoblpled to
their g ates, OadRE S {he (ffd V&N sfedq:? eén? fghe %{slelﬁﬁtség femory cells of

y couple 0 'a sou

each kiring.ard aiisdi éﬁ@t;n tHevevenoliyuselebted @flenﬁch? c@lIH @fyeaalli @trm
her in_strings, typical : %

typicglly ﬁ%?e@ a% g W%Feevqlﬁge PR\ PERAL @lemrasmas t&mmswgs aide
allovsﬁﬁéjfﬂeﬁfjtotﬁﬂ%eé bt #n' B85 def Bhat ﬁcﬁfﬁ* &?d %5 e {f% stoRed ?\ﬁg Yardes.

common source |1 ne and a colunn
CurregfitnD fhowsefjora tiehiotmetlimedo the dobunen but lhingy ﬁﬁougiﬁamh Yloatid gate
than a co but with

ey G b b e PRV el i g el gt ach sng

that 60 88t&d foybe réadNAMR; pIa6HY the 6l chdfiRl bt@gedQ?atte?vdTﬁéIWthe row of
array is accessed by a row decoder activating a row of

selected gagmory cght en theplupnrcleif linespih @ém@ pagecpfibitdinge kscselected and

e | . [ n_addi.tion e
sensciCfinen BRSO Pu Vv b Skr BT B o S TRC Nty #6im e
colurnie pagreyandeohsnudi ca@iciors tid Memaryedediceo driven. However,

- the unselected nenory cells of each string are

typi Gaduky2 détbENsiBplified E\Eﬁ@!ﬂogtﬁ{gegéf@fnteﬁﬁﬁy &P P00 S a EEPROM
erate them as pass transistors and allowi ng themt

or F lﬁgs%ewwﬂ@we phamemberhiment dfdhe prosent invention t Mlgu}reﬂhﬂoatmg
gate ﬁ%ﬁ%ﬁﬂce‘ﬁ@&@ Xr%l c%%ﬁ’l‘ed together in a NOR architecture memory array having bit

lines 212, source lines 214, word lines 206, and substrate connection 222. Each floating gate
memory cell 202 has a floating gate field effect transistor (FET) comprising a gate-insulator
stack formed between drain and source regions that are coupled to a bit line 212 and a source

line 214, respectively.

Figure 3 details a simplified NAND floating gate memory array string 304 of a

EEPROM or Flash memory device of an embodiment of the present invention. In Figure 3, a
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Current then flows fromthe source Iine to the col umm

bit line through each floating gate nenory cell of the
WG enlcass3sdupl ed string, restricted only by thePaEws10p6/023086

cells of each string that are selected to be read.

This places the current encb¥ed stored data val ues of

the row of selected nenory cells on the columm bit

series dtfifo?agnéggtg In‘ré?br? 208 R Hé Eodggh‘:lt% \%%trﬁg%%{lfc%ttﬁ dra@fh a series

en” i ndi vi dual are sel ected
NANDr shring hé4 Ggpicaly of$ 46,885 dsmbraxellsh eEachifioating gaje nmwry cell 302

has a G IAPT SacNBR F i PRG HEHEEORAGH g o Sty St o foating
gate foRRECDA e kRS thsORIP) 3h iHRYSAGineE @15} 11@5!@&6’14 ﬁﬁﬁ&d &erthtefloating

present invention. In Figure 2, tloating gate nenory
gate, grd  sortoR gaed06 cﬁtypm@ﬂy fosgedne pait af the dinehforraed pyes the

e SRR b £, PRy B s

(typldfa|119fN4L o NOBEE nfleehart \tels) lake RP@ed BSvwaei bzﬁﬁtgaﬂﬂngﬁﬁter stack to form
field effect transistor (FET). conprising

the sqyaeandriyaingegpnseidbx adi oot oM e maRaT ol vhigh additionally
operaccée% ] &&@E&%@l&ﬁ%% étjoittﬁ Aﬁ@ &d@%@%ﬁ&ﬂ? A substrate

Sotrce T1ne fespect T vel
conné&ationI32P il s N nf I&a:mct gzgesgbIOe amefrmngd atreithgr entrof m@ SAND

of a EEPRO\/I or _Fl ash devi ce of i pent  of
floatip galg SEYI04 HOSFIERYRY SORDIS epPEcsends oB e SREP Biting ate

stnn%é@latto'ar‘tgt B SnPRIPIY arkl dotrR0thealoftabOMRl €d toget her
ource to drain in a series NAND string 304 (typically

% oy gy S e gL S commony

refered de ad page) uﬁmelmenmy Ibatapplymg 4 o gmfmrmng wbkagame;pn% of
' i nsu I

floatln atefor hetu
DroSR P E AP TIESR o oL Eaiss OF BRSPS fid i Peammige or

1nh1bﬁﬁfgethe §é1é’ct@d ﬁeﬂbﬁ%eug & @itﬁ’e@ BrdekdRi( s hi 1 gl M FoBiBhida (hot
he word |ine) formed over the |ntergate/|nterpol

y
prognams u‘sxaiﬂl(ynnt@ndedae heafve teetdetlprasad endrestet Wpgtsel 17302 coupling their

el S90Sk S5 SR Ao Oy B e

membBf créll*s Regemerallo eotndfotaiciost egihaas «ffthd Mematy aeen tThls non-
floating gate nenory cells, which additionally oper
unifogey mlawfcqam%m&éwf@at% geie plibemoeey RellaRadery ﬁélstﬂbuﬁon

of shlgfﬁagi \}%I%Qfgog{f eC]{tagAs é%ﬁ@‘ﬁnﬁl@ﬁ' S5 hORetdreA ih Fi ﬁe@ri %’d In ]f71gure 4, the

are orr‘red at eit
distnbh’@oﬂ\wﬂ‘@refsh@idtvbn@eg 4V of flonthge S0 menbrpedlBdn thesdrysed 402 and
osSReESBERE P S R s v
shift GO Bfdsh A d 4ol SR TTBYe HaPSE m%}dggmh&%@ Bé10SeshoTd Voli@sdimit 404.

menories prograns a row (cormonly referred to as a
Howpagejuedb de*hee wemiayelbgmapqmyweﬂ gviite fatigyeleandi menufesturiggeprocess

vamaggle cgrlafec H{cg cﬁ@ngx?@evceg% glﬁ:a%%?rgg rogﬁ%@seﬁatd)?%%rt}gy,%% E\Fe%l/ Flash

memory or Flash memory cell will program the same for a given applied programming

voltage, pulses, and time periods, giving the wide variations in the programmed cell threshold
voltage distributions 406 after a program cycle as shown in Figure 4. As a result, many of the
cells that had a programming voltage applied to them will not read as having been
programmed when checked afterwards for verification if their individual threshold voltages

have not been raised above the programmed cell threshold voltage limit 404.
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inhibiting the selected nmenory cells to either program

(set at logical "0") or inhibit (not program usually
wondsnessdzto | eave the cell erased and set at PODUSZI06/023086

"1") by coupling their channefl s to either a program or

i nhibit voltage. Unfortunat el y, this programm ng of

the menory cells is generally not uniform across each

row Fechit@ JFeiIB afteAtht %ﬁ_ﬁaﬂmbgraﬂmﬂg 'htftﬁﬁﬁﬂ {nRidefatsk@Bd Bf the row is
carriers into the floating gates of the nenory cells

then kepddwck outsofdhestom angtdheekedfagginitfthe driginaledatrtodvevidy certgpst

inth || det ai | ed i i 4. |
progiatlib. In gt i v psthoRad B fretinsy el Rl Gador tbgram as
interfdbd by agslymg aqaﬁi@nﬂ?wgramﬁﬁhg Pulbdd th e @nASEEhtELE tBeM cells for a

programed states 406 is shown. For a nmenory cell to
set npabelefProgramntag ayehelerpiionsy Jhesepadditicmial pregramming voltage pulses

v G S5 P o PO
voltage @sr thexehwry derey hasbeed reachdde Th ﬁ‘igi@élﬁ,)a waieeform diagram 500 is

manufacturing process variations fromchip to chip, .
detailgd shayang such mpssgeammyngensration of amenpyiolatils mggporydgvice, with

. r . i m

e SYE141ELFRGPERTY g pm Ae Bi Wcton

progrwisng resuhtd vedified ik dfed sachgpulsen fromhthe iditid pregramiingrsoltage 502
in the anmed ¢ | tage di,st.ributions

| hol d.
to thg GgitpyE PR GBI P BESONOR LT FORPBUIBAE As o
Vol AUETE PFHER ol WeRGP LT HOOBSREEG IGHEI SBR e NAND or

P O A e bl oL F bl A L b begins

602 with $edreadptive of herqgray camredd cehthinity asdidias aiothe age-volatile
limt .404. Beca f this, a r the initial .

memgh oYt S CAD arplseht SloSh BBy et Brogemdata (typically

2k b¥teens tRadodiaE 609 Hito Bfe th&iBoryAevRB dolfAGk 8 FEgRStontighd and

or i gl nalt data to verify corfrect progranmng. An effort

storedgn a gashe alhgdatmisdherotransfareed 604 iy theadafaslatch & thefi wirite sense

: .as.inte . by ' it I
sl PLASh ARAE o BRI EREo OSnP B bR Rpemoryay. The
initidl @fogRarBRingd gD esltagt iPthegsa BB (Gich Ye | V) iRy Apriogram cycle loop
These additjonal progranm ng voltage pul ses are al so
coungey by A fq ?h%wéeip data ithep @regr@exr%ig QA9 integhe pelecied mopy of the non-

' . . . .

B e

coupliag tieimaihlanakels tvcaithaga progranaopmbipitaroitage Afierthe poografming pulse
non-vql ati | nory device, wWith increased volta

has H5e gpRlicfiong T L ROEBRMEDRO g0V SIS THu oty EpBIA gompared

agaires thel My Y] A8t RN iR $hed @tbdche YEVdrif) B cakebt @fd@mﬁﬁ@m. If the
pul se, Tfromthe initial progranmm ng voltage 502 to the

programx {late mrgseogrararificgtion weayapd@s theqgsgomming opérationsensi fjnish

ice.  Figure detail.s a flowhart of | Oor. art .
o1 37 B Snmr e 4f 0 VBB i ¢ KR af Bl afSramming cyeles
has o BeARIGHRA (heNoopUodhiel BasWTBEacheENd @exintum Fhlge6 E8)Ghe Brogram

program oper ati on begi ns , _
operation continues and attempts to program the data again. If the maximum number of

programming cycles has been reached (the loop counter has reached its maximum value), the

programming operation has failed 620.

In looping to attempt to re-program the data bits that failed verification, the

algorithm increments the loop counter 622 and disables or inhibits 624 programming of the
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602 with the reception of a program conmand cont ai ni ng
an address at the non-volatile nenory device, such as
wa 2006NBsaB chi t ect ure Fl ash nmenory devi ce. Pr ogpPamusi0s/023086

(typically 2k bytes) is theT | oaded 604 into the

menory device follow ng the %rogran1connand and stored

in the data cache. The data is then transferred 606 to
bits o Afs D GF daBi BBt 10fve biRedbiokfins QASRcaBBRkd Hie@érit over-programming of

preparation for pro rannln&wlnto a row of the,
theserrelly anicarineeessanrornjte &atigay of fsamonriolatide memery eawisen gt theisste

vol t.age 4 s t.hen 5 :
prosdFeriGe Folifeedo iy b ri it 46 B3 {o hncitodtyy i861ca% 630
(unproB@mmE DR AFEMAr i Gailiny eells had srl tgsicalty srdwhappentie basiow

vol atile nenoh§ arra¥ by pul sing the,contfol,gﬁtes
progigmmping Gellsat deg omier Heftagsd aogﬁ%mmrx deipes Wil ypicplly mncrease the

' p ey Qfready 48R

e A
maxipfudgleasinitds hottincrbdsed andus left ai maxiemth 628. Hapedlgorithu is then looped

conpar ed, agai nst the i gi hal dat eld i.p the data
632 g qengemhe e 1o pih 650 2k onwii Shit Mgouat ¥ p o
i &dsth PAS PREr&AMineSFollth kS &t bR 1o uaOTRE Bfdpridifed data
mcreg{regglglg@n&ngs oggtgr gﬁ’i%};n alnn fi nlgsh 616. O(}Mf? ut he p?o%rram .
finallygtasses aktifcationiGli6 oatliconaximmth nuvabemak brogranmpingeyclgrloops is

' [ . has,. hed (the |
exoolsdid I aoemmgaBratey b G G val ue 618 “the
P he g raye, THE O B M AGE PR aLPan R e
progil:a%ﬁgjnfr?;lg vBﬁé%Q%le phigR&e E@ééxﬁlﬁiﬂg‘iﬁ_@c&@%ﬂs%t 188 i@t ethst

Xi mum val ue), the progranm ng operation has
progfaa bpsiatB®0. Inledditionyit depstoot provisiepn acenrpte-matelyphihe swsequent
ner i AR B L35 iy s B PO e soccie
regidn B rBibeidEasto AaREcANBl &1y bhngddd ebiHesn@horyhell heogratmitet a
that have passed programverification to prevent
charasjesistipy S tarieiieg UsT adi¥ed. cel | s and unnecessary write

fatigue of the non-volatile menory device. If the gate
pr ogrEmipidigents of thgerésentriovenioniutitizerpixinpraydepre pragpaing method

it.is incrementally incre I .
o oo B B S Aok AFLRIR 6P P00, U BGPRE R el v
progh@nifgpeMitibh g TREPEdiGe B6-Vslatile rhdigoryaleeice vnd tiggehanges in the
the menory device will typically. increase the voltage
memery eHbRe SeBIPDE sharactesisticy dpa jo dqviceryse aphveaty 1y ﬁm‘?ﬁi ts of the
l. i i . it .. .
st b ol o Eaal DT M b Pl s s
relationen thoppesht 53D e dutogtsahait fadedad granoming yeiificaid during the
This | ooping of the algorjthmcontinues,  increnentall
Previoys PEESTRARITEE ol B rstin ol B srmmad fiq ﬂ]&ﬁ?elﬁ%‘iyi%ay

Thistaﬂgwg TS ﬁ%ﬁﬂrﬁ%ﬁ?ﬁoée@r&ﬁﬂ MdRARSRIcHREeihAS] bPihe K eQilient
t er o

e maxi mum n programnm ng cycle loops is _
incremxe @ettie grapnaminives yoliege trthe sipectipenat Yadetilh azenfasy device 3iae specific

region or row being programmed, and any changes in programming characteristics due to

device use and wear.

It is noted that the programming method of embodiments of the present invention
can be utilized in NAND Flash memory devices, NOR Flash memory devices, and any non-
volatile memory device that bulk programs data in parallel to improve programming speed

and better adapt its programming cycle to the specific memory device.
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As stated above, with its repeated iterations and
i ncremental increases in gate progranm ng voltages,

WO b@e6f1B8383 art progranmm ng process does not | epdr/UEBe86/023086
to a fast programoperation,_In addition, it does not
provi de an accurate match oft3t he subsequent i ncrease
in the progranmm ng voltage to the specific
non- yeluad 7 Uetall®ABfogramvingeroddde fiswekr 700 ¢fedisibodimend of the
bei ng programed, or any changes in the nmenory cel

presept igyerirom. g Figine Act RroEE ereretina hegingdP Futh the reghption of 2

wear .  Enbodi m sent. | ' i
wos gy RTTNR R bR RS ARy bl 00
NAN@&bﬁi&eon&e ?I@Eﬁﬁd’m@n‘p deviat.i Progeantldgts Gypidellp2lt betes) is then loaded
mat ching of the progranm ng operation. to.the specific
704 iRt BISERY ECVigh I VeRBAE IO sApmaRd A storsd R datecacte.

The JRIR He G5k |calilcd 'Em%?zéah?:"@dé{c tﬁtE h‘é&ﬂo‘fﬁ A8 8e {0 BSMiieand store

;
use ‘and wear. |n enbodfments e present invention,
the tdthlenpibeg vAdath bijs thetd ag o of progroessi nehppograantdatagThe data is

then e A D SelE ol 1R BEISGIoaREIR A0y BRI o
progfirhidg iftD e Bt -PEIRGIE MY 261§ TheRftispEer@hing gate
correctly progranmed into the nmenory array. This

voltagk isghen §ab708 (fush el 5Y) axgraprostier exdlolvon selunderis pet to 1. The row

ccurate match t.he .subsequ ' e
o e S e RGO Y BB IRE B Sl ory amey o
pulsifiB B sondEVpfes with the PG hihting egtags add coplingeheigchannels to either
programed, and any changes 1 n_programm ng )
a progrvan geinghisyaliage.gf8er e gEagrammingpulsrchagdsgen anpplied gnd the data
| ' i - g af .
e
the danoathye Wererife,coliaR pFdgahmimginasyocdevedc B, Ithe paogramatata passes

vo| ati.l e nmenory devi ce that, bul K progr d '
714 Ythetieh, WorTHIFGIE BPggRaNe ABSEpRath CSbal e of Tppypgram data
fails Wb O RY! AHAthE tha&Hihis nhRbENEE R0GaMmhlifg BRIEY s not been reached (the
device.Figure 7 details a programm ng process

loop fcbenteihizastnot Bacldd itsrmanitoni Yedue 718, thipragrass engration continues and

i nvention. ln_FEigu 7, a pr am Qper at | ' .
atesgly k€08 5ol oits e B, SER ARG AR BbrREcabitfing
cyclédfak 888 RhcethRAbop/euater hes ResiRa)isdeifem Bl tAs pegramming

NAND architecture Flash nenory device. Program data,

opergtignohasdpiled @k B¢s €% i s then | oaded 704 into the
menory device follow ng the program command and _st or ed
i n t He letpting weattempt Pris-rdegrami the déte bijathat aled weriBicatinanthe

apal yze 34 by the nory. devic 3
o) SRR (R s B R Bk BB EE p 30fl 736 and
then RERAIARTTBE tﬂd;pééﬁt@é%m@ﬁbals/pfhgraﬂﬂﬁ% faed. HEe loop counter
transferred 706 to the data latch of the wite sei?]g%,
ited 724 to

722 wripen incremented 456 dprareatied and pesspectytabitn ag disaltled ar

; . no- ti r e A
prevgr%t 6)5/?12 H#%ﬁa\éﬁlxglg{g'edﬁhégg 10 If"fheag\éte &B&aﬁﬁ&hhg %ltage 1s not at 1ts
maximum level 726, it is increased according to the overall percentage of failing bits 730;

with a high percentage of failing bits the programming voltage is increased at a higher rate
and with a low percentage of failing bits the programming voltage is increased at a lower
rate. If the gate programming voltage is already at the maximum level, it is not increased and
is left at maximum 728. The algorithm is then looped 732 to program the data row again 710.

This looping of the algorithm continues, increasing the programming voltage on each loop
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voltage is then set 708 (such as 15V) and a program
cycle loop counter is set to 1. The row of data is
wo b/ 1ps3egr ammed 710 into the sel ected row of P&EUS2006/023086

non-vol atile menory array é}pulsing the control gates

wi th the progranm ng vol tageé and coupling their

channels to either a programor inhibit voltage. After
accor(thng tcp{h%g{eg:@m 29 of’fﬂlﬁ% LLEEN ?ﬁ%&rﬁﬁlﬁ% bRé valfihkheogatmed data

0 the row, i's read out agai n and

finally pmsem&dlfmgmm%m drtthe mamgnm nugherofipeogramming eycdlogps is

o ver i f COrr ec ramm ng has occurred
exceegi epﬂkgrﬁ?%‘ﬂﬂ Nl Baé]tog @g 714 verification, vve
conplete t he pro n eratJon and finish 716,
the @r%’@remhoéﬁ’ﬂ At éor%smpl b etston e a0k Ak ang and design
of the{l‘g (ﬂ:fvwgﬁé)ﬁ[; o088 A GrdeY @d ordAssthe @Ecﬂ@@@%ﬂtﬁ@ﬁlﬁ&ﬁ of teevoltage

ount er s not reached its maxi mum val ue 718),
incredsh ehqurgegiewtﬂmp erraguiced foomgivay pgrcamtagcmﬁ f?@ﬂ@ggolt[so Such a failed bit

ramthe.failed ta bits again
percefagt b valep nsgreanont: et R SR Touhd 1 G b}y or change
BN a6vitd wedrshgalaval adhueprovi an accurate
f"ra%ﬂ'gig?&%ﬂ%&og??g{. oniahasf falel ed gaerild eﬁ%ls gr??gdmg
Voltage)mpreage map.aThis ppafile is then w@@péaﬁf?ct/}?r@g@me%‘ﬁfosthﬁ Figory device

i B RN, A A g g
can bé I6n@ v ehdlcindBadaliniesy d88cd aﬂﬁ) pﬁowmgtmq&lmg‘ ofrthmveyall

cel | s/program bits failed. Thelor}p count 1
memeyetevica@pdivendadden aogions of &5 PREDAHEYpSY b e ltBe inorease

proﬁgI tl) %e iRl ?(ﬁlﬂlg ﬂld 1d bl melﬁiofrf Qengél FIQWQ\F&V@ [bt also noted that this

proogranmi n ese lgﬂ
typlcalllpgalqaﬂm mgreusmldtrmgmfacmrmgtcomplamisf and)ham ghenxshultipgmemory

doviguamitens i padag, s nt FPEOIGR. BaPELrahd BRLpGhy ROy dovice

keep?inft&nél ﬁ)?o é}ﬁﬁﬁ{lﬁ’gﬁhﬂﬁlcy 8h hafory Sell REigesediwair if thy @feedll memory
ercentage of failing bits the

dev1q@ra(ngtoa mﬂlwgualgeglg@eeotgche mﬁmpgaw allowingdhgyolfage gicrease profile to
0 ady at the maxi mum
ve a5t et RS RO B BETTY o s i 728,

The al gori t the | ooped 732 to 0
row %@gﬂwéﬁ?ﬂq bt aie R snataf g R e Yl e
pro ﬁﬁﬁl‘nglégépatlbﬁbcéﬁﬁ‘)‘ﬁleb@atﬂ@ﬁleﬂlbﬁgﬂ@%ﬁsr@@th@rb%ﬁm@&ﬁ&ﬁmypwally
oopaccor di ngﬂto t he percentage of faili n% hits, t

progpnoy ga/mre@Wb & inyfewer ProseApnB GRtee haadbat of .amaqorgfrtmemory

.pa | on.. 71
dev1%r 2@ gg Egag % Wirlt s pfs%sél) vé%ccgg%%ﬁw d;ﬂ\lé@ ?éwé? programming
cycldalapd frésiits ROfa1ee6@drhlDBpdratidnsof T@dnorl-nolatile merbagideeict. of
the present invention the manufacturing process and

desi gnyat 8@%@&11@”%@%15(11%}/[10%1{1 &F tRé Biehloed data cacldeind sense amplifier
i ncrease the accurac the match of the voltage

circuitnOsdsie cofvadipesnt ef thg prasent ipventiegu it Bigured, the %ﬁt% Eybe

per ce fo fajli latches 804 of
proefigrBehis e b e abL ot aa SO Es 11/ B ot boghe faches 804
cachRERNR dnlTidr BO2 &kPis Qﬁhéfyrrétpfo th@dya evrite hactge 806 of the sense
amplifiers 802 for programming. Each write data latch is coupled to a bit line 808 (optionally

this coupling is through a column decoder (not shown)) and is used to program or inhibit the
memory cell coupled through the bit line 808 of the non-volatile memory row selected by the
row decoders (not shown) for programming. A bit summation circuit 810 is coupled to the

data cache latches 804 to sum up the number of bits that are to be pro grammed in the
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for a given supply voltage or nenory device wear usage

| evel , thus providing an accurate voltage increase
wogws/13438% profile is then incorporated/ progr aPOEdSI006/023086

the menory device as it is ufactured. It is noted

that this failed bit percentage to voltage increase

profiling can be done for each individual nenory

progdanr idata 16ddea inta kheoditdhche it ¢Hek 804 O ﬁiﬂ@d R¥EIcRidn 5% TRfMation
ce and/or individual regions of the nmenory array,

lecuébél 2Hgcowmed tadhe sgike fiate fatehse 396 ond Isadamedto I_Jnsthedlumber of
v RSl "BIRHBKLE S0 SR Elafbnl e 304 wen

comparutha cmmfolen@f ‘tﬂtsr’m be prdg{arﬁﬂﬁéd Biadthe thiheest BigSHAttHaPd ailed
n addition, in one

vice unit cost.
venﬁﬁggla}’%qi?ulw thaRergsntage nt L%th@hw@rprogrnmvémﬂ@wrr@et
progf@e RO LR PREETINN0 S04 Fid T 68,08 JRBOeffis voltage
level iycudpistinglit inggémmmsomnto mhmlmlpeyceﬁﬂagayf bisdl theviailgll foligogram or

|t age | r of i eto be adjusted for the
by rofnBa8 0 HHBASE iR Giord Eatk Dradepmiiorolaee DRBlaable. ¢ he
f ast r anfﬁd re accurate i ncrease_in progranm ng
vol t b’éno ng

ARF R BpEming \fﬁ%@geie‘fﬁbr@nﬂi Seentes fﬁiENﬁN,D
NOIQ&’&M@&?ur@BoﬁQ@laﬂfeelﬁgtﬂP é) V@Vﬁ@ﬁs&% 1’}%1%' h%fl RL& ?1% ashembodlments

given row of data iIn
of the peasefineention ere mssibleend showé be apparditifer thbée@kﬂleﬂdﬁ the art with
er, s, | ess power consunption due to fewer
thebeg?%}"éﬁhﬁﬂ‘ae‘é’?gﬁes and results in faster overall
operation of the non-volatile menory device. Figure 8
details a sinplified por@PH%LWOPE he menory data cache

and e [
T ZEBSE RISy ey B8l ey G
increpges @hwmwnnmng cyahwb cffrsucne‘sshee programmhingrcyleoin ﬁhﬁm Jo the
f each sense

v e B BN SRS b Bt e

progiaﬁhﬁlhg%y&@@n@ﬁveidlﬁ)t%ﬁﬁ&ﬁl b fin®dSn e fn‘éfno array. ’]E)hlS allows
rogramm ng. Each wite data latch is coup éy

for a|fasta og@geEEpProgran ppel’ﬁmfsanﬂcﬂmbtmcu@tetmatohl ghtha scbﬂeqmmt

1ncr69%(iﬁ %r%&g]%%gﬁﬁg%?&%ﬁqu %ﬁqsﬁa gzed f -Q/ogqu? I aﬁg?}%@féﬁ%} B! specific

regiotifve ravo heinglpad grhrﬁnﬁémifd)any @Wareh ﬁﬁplﬁgramfnﬁl@ @har@¥Weristics due to
d decode (}t sho for progranmng. A bit summation
evicgisg Bﬁl WS o 1 816, P@ale%oftthepwa% %V&ehen themedvadacgoing

ok QOB B U ey Wi 8, BT, T

percegtige tomplfograrmdm\gemﬂthg@mbnem fﬂoﬁle&d serehé dm;lred pRigrdmBing voltage
| ed .t e wite dat 806 and

h
aclaly xRl Bor Gl e RireEaP o b B sRAe: Rabedimsn ffhe
prese€ihbédtioal methodd AR SHPARALS a?@fble?c@&i fo\fcﬂllé %\?Elbaﬁ‘éhlﬂ?toﬁrgﬁta into non-

circuit 814 then conpares the nunb
volatibe mgramneeyicas@nd.tia padiehler, AND 4nsl N@Rtarﬁawetufeal?llasﬂdmemory
arrayé’?ﬁdéév‘fcaets' on to calculate the percentage of bits that
were programred fromthe current

Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement that is calculated to
achieve the same purpose may be substituted for the specific embodiments shown. Many
adaptations of the invention will be apparent to those of ordinary skill in the art.

Accordingly, this application is intended to cover any adaptations or variations of the



program data held in the data cache | atches 804 and
sets the next gate programm ng voltage | evel by
wW@dpoaass3Bgy it in proportion to the relative pePCEDSAGE023086
of bits that failed to progr or by referring to a
failed bit to increased gaté‘progranning vol t age
profile table. It is noted that other progranmm ng
inveitiud. dgB thaiifebdy Anehdsé g ttesivEion N ANhdaioBYy the following
.architecture non-volatile nmenory devi ce progranm ng
dam#ﬁﬂﬂéﬂuﬁﬁkmﬁﬂhﬁ§°%nbodinents of the present invention
are possi ble and shoul d be apparent for those skilled
inthe art with the benefit of this disclosure.
CONCLUSI ON A non-vol atile nmenory device and
progranmm ng process has been described that increases
t he programm ng vol tage of successive progranm ng
cycles in relation to the percentage of the data bits
that failed programm ng verification during the
previ ous programm ng cycle and were not correctly
progranmmed into the nmenory array. This allows for a
faster on average program operation and a nore
accurate match of the subsequent increase in the
progranmm ng voltage to the specific non-volatile
menory device, the specific region or row being
programed, and any changes in progranmm ng
characteristics due to device use and wear. In one
enbodi nent of the present invention the manufacturing
process/ desi gn and/ or specific nenory device is
characteri zed by generating a failed bit percentage to
progranmm ng voltage increase profile to set the
desired progranm ng voltage delta/increase for a given
failing percentage of data bits. In another enbodi nent
of the present invention, methods and apparatus are
related for the progranm ng of data into non volatile
menory devices and, in particular, NAND and NOR
architecture Flash nenory arrays and devi ces. Although
speci fic enbodi nents have been illustrated and
descri bed herein, it will be appreciated by those of
ordinary skill in the art that any arrangenment that is
cal cul ated to achi eve the sane purpose may be
substituted for the specific enbodi mrents shown. Many
adaptations of the invention will be apparent to those
of ‘ordinary skill in the art. Accordingly, this
application is intended to cover any adaptations or
variations of theinvention. It is manifestly intended
that this invention be limted only by the foll ow ng
claims and equi valents thereof.Wiat is clained is: 1.
A nmet hod of operating a non-volatile nenory device,
conpri si ng:



cal cul ating a nunber of expected data bits from

program data to be programed into a non-volatile
WORBNYs3asray in a program operation; cal cul at PODUS2006/023086

nunber of failed data bits that failed to programin

t he program operation; and i'ncreasing a progranmm ng

vol tage in response to conparison of the nunber of
Whae ispdaitned idat a bits and the nunber of failed data bits.

2. The nmethod of claim1l, wherein increasing a

progranmm ng voltage in response to conparison of the

nu § b failed
Lt o R B e e i ng

votdlagetinga nespard expestadriataistsciennh aoeerah datago b peagradmed into

data bits that failed to correctly programinto the

non- vol &CPFE° 8P AP dh raipﬁ%grgrﬂé’pﬁ'%éﬁ?’anm ng

0P e4lallh@kl a BumBée fTRldIQRtitsGhaifaNel tofprddrialin the program

conprising: disabling progranm ng of one or nore

menory epérpionsiaad correctly programmed; and applying

the increas ' . I .
sk BRE 835 REShE TS Pab PG S BpQEORTY BRSuRlero
cor r ect kypected dhbebiteink el mfmisdr of failkd dhtarbider
conprising: repeating for one or nore iteration
cycles, calculating a nunber of expected data bits
£ ' . : ] .

2 o AP AR, Wheli B AR AT Do A fidk ABRYS Abbde o
nuntraparison fofl tHeatintmt af &irtested dath bitaiahé thetrmmypbreo gf fatted data bits
th rogram.operation; and increasjng.a progr 1 n
voRHESE COPH SR JRARS e ROREEPTRE ROHEH RESRAR P Ui percentage of
eX RRExPECtERERa Bits thatRlel RECIHEBNE proztarh Rith @b whlvol i1k fnemory
5. The nethod of claim4, wherein repeating for one or
nmoeway dening the pragyaheéng eperdtion. conpri ses iterating
until a maxi mum nunber of iterations is reached or the
nunber of failed data bits is zero.6. The nethod of

3. Cl ghewndethodhsdrokiim 1, fekleasomprigingr ogr anmi ng vol tage in
response to conparison of the nunber_of expected data
bi tisabling FrASrapIHBE Of one pranprednerRery cplls hat erfeqty programmed; and

B L T

t he nuniiett fafedftaptogthnd aveeddiyt s, where the overal |

4. The method of claim 1, further comprising:
repeating for one or more iteration cycles,
calculating a number of expected data bits from program data to be programmed into
a non-volatile memory array in a program operation;
calculating a number of failed data bits that failed to program in the program
operation; and
increasing a programming voltage in response to comparison of the number of

expected data bits and the number of failed data bits.

5. The method of claim 4, wherein repeating for one or more iteration cycles further
comprises iterating until a maximum number of iterations is reached or the number of

failed data bits is zero.



increase in progranmmng voltage is [imted by a

speci fi ed maxi mum programm ng vol tage |level. 7. The
woredoaass3es claim 1, further conprising: profilPODUsives/023086

non-vol atile nmenory device to deternmne a profile of a

progranmm ng vol t age increadd for a gi ven conpari son of

the nunber of expected data bits and the nunber of

failed data bits. 8. The method of claim?7, wherein

profiling the non-volatile nenory device to determ ne

aThe ofettiod oficlagmy w@mmmnﬁ@asmg f agwramm%%@tag% f1 ggsponse to

gi ven conpati son r

BT TSt of RoaRgR b o) BRFHEA-CE! bt b i
PERfHel LAEpHAS iMtPesingladird é@nﬂﬁiﬁ@ Wltsge\&n e@pblysedm eomparlson of the
profiling the non-volatile devjce to det

anpmben ofexpected dntobitsandithy n%bﬁrﬁéa ssldagasaits, reatgé overall
RSBGPS S YR 9 S i dnmin

nebhtaelladdll e menory devi ce manufacturing process,
characterizing the non volatile nenory devi ce design,
profiling the non-volatile nenory device to determ ne
a r ta e increase for

thet Y, PHERITLAGiMAL! 20 se for a
gF@g%&Q%ﬁlaf%son g?% ﬂber of expected data bits
apebfilhe the nmewolaﬁlefrmm@u dewice tcbdqtsmﬁoe a ar@ﬁ@ ef 4 programming

menory device, pr the non Vo

devi co volaranee 525Pa pATRRoP 5 SRl s BE Bk dye bt
i ncr eag@a it mAntth YeMIIE@ERALIEON Of the number - of

expected data bits and the nunber of failed data bits

for a specific nmenory array area, and profiling the

p?@ﬁ CL%F (i}%l I{[;P é%hegeen\{ ?o%ilfn% LS %lﬁﬁ‘le%é}ﬁé}g deSicoto @

TACPERSESF OF @ gi ven conparison of
t iRt profilef I@Qﬁ@@dmﬂﬁﬁ@vcbitetge 11amehsb ther angimgreconpfarison of the

|f g{plgi‘eb%r g? ;%qgtleqti,g{it; ggs glp P %g;luﬁ;}bfr gﬁ;&%fl Ilbﬁ%\rl\fr%er comprises
q V?félgﬂgaﬁlé E@&%\E/ﬁfe}’mgﬁ&y‘%ﬁ\dc@ b?l'b%e Qf Pﬁ)ﬂ'ﬂﬂé&ﬁb HGRDS]Mtile memory

menory “devi ce, ymer _Menory
dekWﬁetodaEenmaebﬂﬁﬂeoﬁaﬁﬂmﬂnmnmgvgé@g%QWEﬁyf@FéBAWP

BT aht DBn et eSS EEE R e R gt bits for
1Qhe I&?—vﬁﬁhﬁ%mﬁ&y@e@icﬁnﬂaﬂu%ﬁ&ﬁg brédees, @Hﬁfa&t@ﬂlﬂhg ke non-

menory array is one of a NAND architecture nmenmm
arvodatileamgnwrdevies dasieneprofitiag therranyvalatilg empery daige to determine

rreat Fr%gleogf acyl)rgérg]m}mng voltta%% in&tOIR rfénse{ Qgen comparison of the number of

expected data bits and the number of failed data.bits for a specific memory device,

profiling the non-volatile memory device to determine a profile of a programming
voltage increase for a given comparison of the number of expected data bits and the
number of failed data bits for a specific memory array area, and profiling the non-
volatile memory device to determine a profile of a programming voltage increase for

a given comparison of the number of expected data bits and the number of failed data

bits for a specific memory cell wear level.

The method of claim 1, wherein the non-volatile memory device is one of a Flash
memory device, a EEPROM memory device, a Polymer Memory device, a

Ferroelectric Random Access Memory (FeERAM) device, an Ovionics Unified



10.

11.

12.

programmng a plurality of data bits into the
non-vol atile nenory array of the non volatile nenory

wa@leaicass3dn a programm ng cycle by applying an POT/UBE06/023086

programm ng voltage to a plﬂgality of menory cells

that are selected to be progranmed with the plurality

of data bits; increasing the programmng voltage in a

s dl@nérgdOURN pdévace, tnd MagngiercsistitaRandoin AbespMensiry (MR AM)
of data bits that failed to correctly programinto the
pldgYisti ty of menory cells of the non-volatile nenory
array during the programm ng cycle; disabling
programm ng of one or nore nenory cells that correctly

p mhglrmﬁmbbf Qaith Bpyieydin glemw-\'rqhaiﬂe asethrprogy Howe nfja NAND
voI e to ogr am on its of the data that

! SRl RO G a0 Bt R RSt i o m

1, wherein the nethod of operating a non-volatile

menory device further conprises: receiving a

pﬂ“@gﬂmtmdw@f@@mhrfdﬂbﬁmompﬂgnam data cont a| ning a
plura 1uu£[ a 4D &n‘e{lh% hd:ﬁa bﬁ{ %?(; ﬁl@ﬂoﬂ-gvoiﬂl?e %L M%’ oqfthe non-

dg{%gr% oN-Vvo & "Nenory array

pr ogvélatile rﬁ:gerﬁcwldevfw irbPplogtangnig dyalleu)lyalppmwamﬁang
voltage to a plurality of nenory cells that are

sel emogeﬁrmemlgéomfgﬁommhw fpmemeryselly Bt 4 sglectgdiobe

bits; g%f'ﬁ @any menory cells of

t he %Iio ra od %“Bttwofam}p&%{%ét yf ai edyt O program

C dncreasidgythb yrogvanining ‘mgtagdﬂm pielecadd elatioh talthe petventagodf the
rogram dat nto th Iurallt of .menppr

Cer Petguty pladts RS BRLRlek b sty Brodih i R SRR hpemory

pr ogr ARt ARL{Afee! 'n{énﬁ)r? &8 ishg Bk 3kd g%inﬁﬁhg% HRle;

percentage of the plurality of data bits that failed
t alissblingprojgyanpmingradiong ot momrmelpbm cellls that efrreptlyprggrammed; and

gga:plp@lngt ablc:&?ag%(gmogrdnT nmq'ﬁﬁ%%eotgi)ﬁ%&ar%élg ogglore Wits of the data

incrgﬁgﬁﬂe@f(ggbgma@wcqyt age to program one or nore
bits of the a that failed to programcorrectly, and

repeating for one or nore iteration cycles. 13. The

maltﬂ%%q?tﬂé {,}f (ﬁﬁlﬂ] 1 Wl)ﬂé?afl EhdinkiGd 3?51%?&11@ a RREVAkLR Fétnory

device further compnses

o
o

_.

receiving a programming command and program data containing a plurality of data
bits;
programming the plurality of data bits into the non-volatile memory array in a
programming cycle by applying an initial programming voltage to a plurality of
memory cells that are selected to be programmed with the plurality of data bits;
and
attempting to program any memory cells of the plurality of memory cells that failed to
program correctly by,
verifying the plurality of data bits of program data programmed into the plurality
of memory cells of the non-volatile memory array,
increasing the programming voltage in a selected relation to the percentage of the
plurality of data bits that failed to correctly program into the plurality of

memory cells,



device further conprises: receiving a progranm ng

command and program data containing a plurality of
waoladoa/18838%5 on an interface of the non-vol ati | ePOEIBI0$6/023086

device; transferring the programdata to a data cache;

transferring the programd to a wite data | atch;

cal culating the nunber of bits to be programmed in the

pro Q&i?a{’ﬂtliggg?o dahfingdoftdiR cddlcie fREIEY cllsABAtaTeety frogrammed,

pl urali f data bits into the non-volatile nmenor

ar r agpplyingitherineyeasedipraprayoing WHagpis BrPHEILONS grimpqtg pits of the
] t t ' f |
Phat ardedtid9Rs Gl Pu@iald W hthe plararity

of dahaatiiotfer o nadre eeRlion @y¢les. pr ogr am any nenory
cells of the plurality of nmenory cells that failed to
program correctly by, verifying the plurality of data

bi-t.s  of ' i
g8 ARG (SR RSO B gt
C aleQigk dlirttieg cohprisegnber of nermory cells that failed to

program correctly, calculating a percentage of the.
DirBaY nE § PEAS AR s R Pl Ao R iBe pypIutalty of data
fgogﬁmﬂ RtdrPige gf He@ohivblffle ARABEYdSRI S in relation

e nunber of bits to be progranmed held in the
datamsfearidpethe programdatago aldetagadey; anmi ng voltage in a

sel ected relation to the rgentage of the plurality
oftm&’é{e_‘émlﬁ gp{q%qmpgﬁaﬁga‘frgegggall%gth y programinto the

Pl @l dtin 18f miFREER LY bEStd e prog@adiddng thy mogamdaghed in the data
one or nore nenory cells that correctly progranmed,

appl yadhg; t he i ncreased progranming voltage to program

one or_nore..bit Y

canp@ermnt i Fef 4T TSR sl e 3EaTin a
cycl ggoghdmmihgraicleas) applyingén itivd peognanmingy atliage toveplorality of
devi ce conprising: profi]ling the non-val.atil nor, .
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del tgmiflncr ease for subsequent programmi ng cycles for a

given tailing percentage of data bits that are bein )
pr atpiaping do proigeant ey memovotalsiolf ghe plurality of memory cells that failed to

program correctly by,

verifying the plurality of data bits of program data programmed into the plurality
of memory cells of the non-volatile memory array,

calculating the number of memory cells that failed to program correctly,

calculating a percentage of the plurality of data bits that failed to correctly
program into the plurality of memory cells in relation to the number of bits to
be programmed held in the data cache,

increasing the programming voltage in a selected relation to the percentage of the
plurality of data bits that failed to correctly program into the plurality of
memory cells,

disabling programming of one or more memory cells that correctly pro grammed,

applying the increased programming voltage to program one or more bits of the
data that failed to program correctly, and

repeating for one or more iteration cycles.



14.

15.

16.

menory device. 15. The nethod of claim 14, wherein
profiling the non-volatile nenory device to specify
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subsequent progranmm ng cyclgs for a given failing
percentage of data bits thdt are being programed into
the non volatile nenory device further conprises
POhethod 9f biedilinga-nenivatatil emerony Jeviedonprisingone  of
characterizing the non-val atile ne

r evi ce .
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and chaementapt af dup bitsthatciré beingpmprymmed intewernonexodatile

to select praofile for the desired programm ng vol t age

del t a/ IRPEELEVIEBr a given failing percentage of data

bits. 16. A non-volatile nmenory device conprising: a
non-vol atile menory array, and a control circuit, | .
Witheenethachef daimt 14 wherai profiling theampt edatile msmesy deivige to specify

plurality of data bhits iInto.the - [
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of menory cells of {he non-volatile nenory array,. ..
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alled to correctly programinto t
pl dettatindryase forraegivenyfatd gl psrcediagalof gatg bis.ogr ammi ng of
one or nore nenory cells that correctly programmed,
appl yi ng the increased progranm ng voltage to program

ONg nBA-vORER: Ihialhﬁrwdevlda%oﬂ?ﬁainghat failed to program
correctly, and repeatin or one or nore iteration

cychasydatile ey aesla@di | e menory devi ce of clai m 16,
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nd nbg,{l inoi‘Iiali ptrc()e érgﬁlhﬁﬂg Vci>1tsag£: %c? g Bﬁl?élity of memory cells that are selected to
be programmed with the plurality of data bits, and attempting to program any
memory cells of the plurality of memory cells that failed to program correctly by,
verifying the plurality of data bits programmed into the plurality of memory
cells of the non-volatile memory array,
increasing the programming voltage in a selected relation to the percentage of
the plurality of data bits that failed to correctly program into the plurality
of memory cells,
disabling programming of one or more memory cells that correctly
programmed,
applying the increased programming voltage to program one or more bits of
the data that failed to program correctly, and

repeating for one or more iteration cycles.
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18.

19.

20.

21.

18. The non-vol atile nmenory device of claiml16,
wherein the control circuit is adapted to increase the

w@r@gnasses ng voltage in a selected relation torPehes2006/023086

percentage of the plurality,,of data bits that fail ed

to correctly programinto tthe plurality of nmenory

cells of the non-volatile nenory array during the
programm ng cycle further conprises limting a total
programm ng. voltage | evel 1o a specified maxi num, .
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speci fies the desired progranm ng voltage delta

increase for a given failing percentage of data bits.
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wherein the non-vdlatile nmenory device is one of a
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2 on-vol atile nenory device of claim 16,
\Aﬁélr}[%%-gﬁgvﬂ'e non-vol atile nmenory device further

conprises: a plurality of sense anplifiers; an I/0O

buffer; and a nenory interface; apd wherein the . .
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adapted to. pr ama plurality of data bits into the
né’ﬁ@eetﬁ%‘??chat%?%ry array in a progranmning operation

recei vedat the nmenory interface by applying an initial
programm ng voltage to a plurality of non-volatile )
nehe pynyelafile mpmeryadevicsarf slainad 61 whessinghe gearivpietilagnemory device
th I 1y - i - t . r
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Memory (OUM) device, and a Magnetoresistive Random Access Memory (MRAM),

Molecular Memory device.

The non-volatile memory device of claim 16, wherein the non-volatile memory device

further comprises:

a plurality of sense amplifiers;

an I/0 buffer; and

a memory interface; and

wherein the control circuit is a control state machine coupled to the non-volatile
memory array, the I/O buffer, the plurality of sense amplifiers, and the memory
interface, wherein the control state machine is adapted to program a plurality of

data bits into the non-volatile memory array in a programming operation received



cells of the non-volatile nmenory array, increasing the

progranm ng voltage in a selected relation to the
w@eoocanssage of the plurality of data bits thatréBUSBUG6/023086

to correctly programinto t 2 plurality of nmenory

cells, disabling programm ng of one or nore nenory

cells that correctly programed, applying the

i ncr ethe cheprooginterfiacs dyupplyageantinitial popemming vottagedve plurality
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nMenory Ccopgsfties non-volatile memory array,
increasing the programming voltage in a selected relation to the percentage of
the plurality of data bits that failed to correctly program into the plurality
of memory cells,
disabling programming of one or more memory cells that correctly
programmed,
applying the increased programming voltage to program one or more bits of
the data that failed to program correctly, and

repeating for one or more iteration cycles.

22.  The non-volatile memory device of claim 16, wherein the non-volatile memory device
further comprises a system, comprising:

a host coupled to a non-volatile memory device.

23.  The non-volatile memory device of claim 22, wherein the host is one of a processor

and a memory controller.



