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BOOSTED SUBSTRATE/ TUB PROGRAMM NG FOR FLASH MEMORI ES
TECHNI CAL FI ELD OF THE | NVENTI ON The present invention

wo edoavzsogeneral |y to nmenory devices and in paP€T/U81084/030014
the present invention relates to Flash nmenory devi ces.
BACKGROUND OF THE | NVENTI ON IMenory devices are
typically provided as i nter nal storage ar eas in the

??n@giwlﬁn %@gror m o in egr at&%/n\télhﬁguﬁ?k I ps. ﬁﬁM@ﬁiES

are several different types of nmenory used in nodern

el ectroni cs, TOGHNICAD FIEYDeOFTIRAVNVENTIONaccess
menory). RAM.is characteristically found in use as

mai n THEPETSEG Rveation FRlieerengtily o RisEICY deigasad &t Rartiglar the
Ak you can both wite
P rese@i?{;’el nt oI‘e!E?X%\/Iq @glg?fer%gmg%té%”#ergom RAM This is in
contrast to ROM which permts you only to read data.
Most RAMis volatile, which neans that it requires a

st eady fl owof LG i 'q ' ontents. As
soon as the poﬁéﬁg@ﬁmg&fmwﬁb ata was in
RAM iNerh@§tdeviceday typidaliq pidsdedods Witk FnaC ot erelreas B¢ tomputer.
amount of read-only nmenory (ROV) that hol

The tepys mpageary adpitifiey dasa derape Qlabﬁpm%em derdoument mtexnatieii Sirgyihips.

Thergégxl s%@ﬁgp(ﬁ& gl%n%h%seoﬁ?n (5)1?01‘%/ NS rﬁlﬁne(gn%}(ﬁ &fee é&?@sfhﬁlge co'ﬁﬁ{lon type is

RAM gandimectsaimemgn/).e RAIM ys aftﬁfaetdrsdcaﬂky faﬁncnmrusv as ﬂﬂ'ajn| r@emory ina
menories. An EEPROM (el ectrical |y erasabl e

compiiT GORHARBEY- Rl rfefﬁwo FREAIPG YIS memope dhais. g gan both write

data ﬂl%‘RWNi ahd ké%d Wffoﬂﬁkm an‘?i@ 1sefn%ﬁga§%¥o W%lﬂgh h%mﬁtg you
an electrical charge. nprise a arge nu

only &if read dotay Maest Ré&Mh awawgﬂe Ivelnctlr meaisl thatiiselairesch gedg Slow of

floatin i S st in
ctectigif Rn g b1 S BiraPqdRATOR b FIEGRET IR gt £8: WRAEisoatgwes in
RAM {sqaéti ng gate nenory cell is fabricated in an

integrated circuit substrate and includes a source

regi nﬂﬁl@e i Fretele!

t he Sjob urce rfgglgrl{oginﬂ?g%gégg %%% §1|§1;r1]ltl grrnr%rgdl at %ﬁigﬁﬂ% F&F}} (ROM)
that hroddy iptrucions fmtsliartglggz@ttlg@ canypiteral UnlikeeRieMo R QM pmhot be written to.

lysi.li vy t ha
MenfP dites S0l gp 5 REPREREG PG drteiERREP L eftF R wlEi
remoR¥d @reBeQér@lY Fdf€rdiBtb @8 héd-volaiiei idthbi¥esa MIOREPROM @électrically
exanpl e, gate oxide can be fornmed between the floating
erasafj e EOEHAEIRIRS TeAdkARIY MeneQyy bis 2 sae@@lﬁyp%norgmlétﬂp RGN ékat san be
eraseg\gg eeébpo %/si (?IBI%: glgctﬁ%] gh%gg dﬁlﬁﬁbi{[) c&¥1§h %e%gr%le{;éf memory
cells heyiag ateedicﬁliyoimlateé ehtes el danigg gatae) Hyata btbred infihe lnatory cells in

the fér?r}/ c?{ 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
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Thus, the floating gate is "floating" in dielectric so

that it is insulated fromboth the channel and the
weonwsozisogat e. Charge i s transported to or reP@Es2004/030014

fromthe floating gates by specialized programm ng and

erase operations, respectively. Qher types of

non-vol atile nenory include, but are not limted to,

and t%%é% gell\(%/%%g Fset%%x%%)rg dit o(f rgrsgg Ar%%]i%tioa%?g%%s by
specibgdgiOframhitd MRl 8&@@@1?&&@&@5&5}5&&%]}{/ OvRAY) pes Y€ hon-volatile

anot her type of non-volatile nenory 1 s a Flash nenory
memmﬂyﬁp%embu 8 8t HerEdo.duiyp ?r%@mrmﬁ%pyle@mﬁ Byandcvmuﬁéﬁess
I celdl t
MembBAHIRAME O, DHIRAIMPnofREING Sfld agde i Hve Kifidom
Accebdetmosn@NIRAM). The cells are usuaIIy grouped into
sections called "erase blocks." Each of the cells

Wi t hiYet afotitsr &g dff ragkvelatile Deengdre ed 4 Fesh jenrpgAaspes Flash
sel ectively by tunneling charges to the floating gate
meMACORPEEES 4 BEREF §EaY-oViughinchidey a lasap pemberal mansy cells. Bach of

the n; }‘rg)g% LY iBahdes Qﬁl@atﬁigﬁ%ﬁ &fl@&ﬁe BE4 Md)@ﬂa? OC§II: gf;l{eé Rl are

I'ng gate nmenory S lnt e erase
usuallyr groepkd intoesestionyl aallep Eemsé biocksTviEacko nfihe cE}}spwEhimfan erase block

Fl ash. arra r chi tures,.are the ' and
can be gfegiticATY RrageAti T} §§gle§%vei&lg¥ BIRFIRE Fliazesde QNQQP%H&% gate. The
negatif¥l rdehtRR2IG rdREDEY fr6§1| the ﬁ@ﬁﬁﬂg%ﬂt%g BidfRk e£RE Bperatlon
archltecture has to a basic gate circuit,

whereig ajdlopting gate memaeryeceNOR the crage hlockiateanseddn atshagle operation.
floating gate nmenory cells of the nmenory array are
ar r allgedonman tgmd:s okFladinmegat gsraf arehitdetireoat itheg‘ ‘NANBD” and

“ BNy eII of arra tr X eco nect ed
NORE R bitest s, sbratld il Wb dmb ket Ep S e meipay el oy o
confi lﬂﬁﬁ&%ieéicﬁ QrcBRbHT: lbelstto liagie NAND GFWOR Gk cireas r}espectlvely In
| oati ng gate menor | is typically connect ed t

the NEStivmay aelitesaird.ithe ﬂ%m sioRmemshy celdt efithe ficoary Wgamt erranged

ina n?%%?{)?hcfa% 9% 01J e%cﬁ‘ifogﬁﬁg %Dt? ea c{r‘ﬁw @ )?‘1; glgeleaérca?::talér\{? %rlgnc%nnected by

rows Wword deleet Bassi@ot@ tinky) ahb elidir @aing Sre ddm@edté@iofolumn bit lines. The
sel ected nmenory cells then place their stored data
sourcg of gcd flpating éate AnemAnLicdl if fpicallyropnesiidig a£oBRINeOuFRg line.

The I@@Rra?&lﬁteéttlré f;;baﬁn% o ﬂl@%%g}é%rrrr%; 8 a%esg@itb fbg&r aRg: acgvatmg a

state fromt ecte Tne to e connecte
row of dloatimg get¢ mieimoes cells MN{D:camgalye wordﬂnﬁee@mue@echiostheir gates. The

row st EREF Sty Fl Wk pipse BB Sted BB Pt Pl gieratigan Bicfnes by
ﬂowﬂ@ Aaiffer8lcurede if ea @fcf AmBkd st 9tb éi’éﬁnﬁ@él‘@taie%&ﬁ gk
ITnes. However each nenory cell is not directly

connesggforrce ding &0 hesonneded relemarkit linesol umm bit | ne.
Instead, the nenory cells of the array are arranged
t ogeARAN Dwalwrarcn]gisqctury pisoaifaygesfitsyrray®yf fBaingatermremory cells

ina n&ag g%c}(}xlggat%he ga%e 6 oach fPoahng ggtg ngelﬂrlxg"or?tcreh 09 th%ra?ray are connected by
rows to word lines. However each memory cell is not directly connected to a source line and
a column bit line. Instead, the memory cells of the array are arranged together in strings,
typically of 8, 16, 32, or more each, where the memory cells in the string are connected
together in series, source to drain, between a common source line and a column bit line. The
NAND architecture floating gate memory array is then accessed by a row decoder activating

a row of floating gate memory cells by selecting the word select line connected to their gates.
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together in series, source to drain, between a comon
source line and a colum bit line. The NAND

wa@e@kioeeset ure fl oating gate nenory array i s the@r/us2004/030014
accessed by a row decoder activating a row of floating
gate nmenory cells by selectihg the word select |ine
connected to their gates.3 In addition, the word |ines

In adaﬁi%eatgl% %v%f& ﬁ)nets %g? é %ﬁgﬁ }gé}g%g t&%l}‘}ggeté?ec eﬁgmoyy ceﬁs o? each

stringls @lseclkieeh. nIQdSmé\ber aBt hise@éctePpBrdEy L4l oFlegeH R E @k ltypically
driven by a hlgher gate VO|%MEG so as to oggrate t hem
driveg by 3ughef gafp ¥pkagsse aa HIORGR NS a8 Rash tFansisipssand allogrirg them to
[ tael 0]
pass bl By TPARnet IRl i BrodBlefd by e ol fon o CRRpfHpdh tows
from ¢lod somrreldint td tha eohinmohitlines ehrhugh mhlfhgngggae mrmtmrry celebf the

. of the series conn e rin res ted only b
serieTeapRg e CSHinG TR G bv; G ey G Qrech s e art e seected to
be refi® aPherdtie1 &MY B B6iad eﬁ&?dé%lusrt&%ﬂ tda%%‘ﬁﬁ:@ %f aie%\%d)fga&éted

val ues of the row of selected nenory cells on the
memexy| aghh o the chlupashit ggs. conmon pr ogr anmi ng t echni ques
for NAND architecture Flash nenories are the "boosted
bi t | Ime"coamtbntfregraimonsg egchaopes fr NAND' arthtdctyes Blash memories

t echni ques. a, hi voltage is fLed to th ate aof
are g PRy Ringai e SaReeT SHEr SRt gh tieve (S hHguexiniigl Joliage i
apph&h@) the BRE Bf Bﬂeléc"[@ﬁﬁéa‘ﬁh rg%t@frﬁlsﬁslﬂéﬂ'@da @in '%vlﬁleﬁﬁél%malmng

hrough node, fromeither the connected line or
transnsmmra turper ereinia pres ornghcmede,tfom kshapho sq»mrectm titlite or from a

A O e AR
| |
PO P rhod S

proglﬁfmﬂlﬂ§ typRUll$ ﬁwblv%@ aﬁfl h8ra hiBB 'vBlt (é'léltl@ﬁls & tﬁ@ﬁﬁh&ry array;
endi ng on whet her "boosted bit or "boosted
usuall:}bfgﬁ béhm orehe gouergrlinerAndipri theig gs;s@matﬁdq edergents, depgniding qrhehether
“booﬁgciigiﬁm[%f’ 1‘ %ogglged Iscﬁlﬁ%; ufélgeé’u fa gngl gelg?l?e:]ds i shga{nfrfa(gulrp[; ge usage
of larger ﬂaauwlin@]ilt elemehisﬁr affﬁriﬁgemhhml‘d%@l@l% agthesapoigons of the memory
vol tages. The use of larger featured circuit el enents

array 4¢, last 6*? e %W%h%%#ﬁh%klgégé?f@ﬁéal@ﬁrﬂgc‘&]@ée% eshegise of Langes featured
circuf® BrRhtslR ?m()ﬁecdﬂﬁﬁﬁlz %&ggﬁsed'an Qutt dds| %s‘ﬁﬁeé #H& ' force the

|ntegrate circuit c I ncr easl manuf act uring
manuapsurst tantilizea lacgen gnte gratedl mla:lultIClhiIE@lBamentamng auahtfactoripg costs and

die yield for ces rocess substrate
recucigr ot HGp e B e P B e St Pl e e RS B s substrate
waferSqiR, FurktRf indtech QRS chss. t ARIiEloh&IW, snRl18ERtiSnsQh tﬁel"teircmt elements of

b|t||nes source |ines, and/ or their associ at ed
the biglinesfonrce liapse AR orthnir pisgiated qisguitelemerts ican lehdto variations in the

oo RRE TR ATHATETDe BB LA DS PR s s o

problesnt h/ltth\wél//uﬂdéeprogfaﬁgmagﬁnﬂg)raﬂﬁé ditigMel of @hd @ldcfpdand@hory cells and

. the s?lecte menory cells and
an increased likelihood of disturb problems in the unselected memory cells of the array.

For the reasons stated above, and for other reasons stated below which will
become apparent to those skilled in the art upon reading and understanding the present
specification, there is a need in the art for alternative circuits and methods of programming

NAND architecture Flash memory arrays.
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an increased |ikelihood of disturb problens in the
unsel ected nenory cells of the array. For the reasons
w@r@smeehsabove, and for other reasons stated bePOIUSHWCIB0014

wi Il becone apparent to those skilled in the art upon
readi ng and understandi ng tHe present specification,
there is a need in the art for alternative circuits

and met hods of programm ng NAND architecture Flash

menory arrays. SUMWWARY The above-nenti oned probl ens

wi th progranmi ng NAND arSIAMIMARDY e Fl ash nenories and

ot h ens..ar e addressed, by the pr i nvention

and foR e SRR B S P o SN SR sghisgiare Mash
memdrizh hadbothgr pioBRhdsiateahd @Bssedb§ tN@presis iRRRQSH ARSI be understood

relate to progrann1ng floating gate nenory cells iIn
by readigryng studvinedhe fllomyiag kperifieatioss and/ or nmenory arrays

by utilizing a "boosted tub" progranmm ng approach.

MenoFhie @eipnsembodivgntrantate of progrenpries Eobtingwanmiemory cells in

(R 0Qst ed t ub, programin thod to apply a

NANB R BRSSP Br SO RET R TSRS, 8 PREL &,
programsmlmgtapproaah.eRleiory devicd taBbainshtCoflthépleser YRleGAbd Yilfe the

sjtively doped region encased in a deep negatively
bOOSt‘%’g‘HJB gregErming meflod 62 ppply @l ¥pltagmpiedhe sibstratgtoe substrate “tub” (an
isolatioh ki ' (.S f | ash menor .
it b B LA o DA G Rl 0 oo
negatifv¢lyaloperywglh irethempogitiyelyaddpsd pubstitatet or agifibot G@indulBiodlSOD) of a

t to th t f th | ted fl ti t
A S B B LS et S Erag
memo@ﬁcéﬂs%ﬁﬁf‘ RLAPRYIR 4 hifiev@mdes tﬂeg‘gté& the g%&g%ﬁofl%gﬂ? r%@ememory

use of a boost'ed tub progranmm ng approa
cells and g progsmer pragzam-iitaiblsi voltageomadpmreced bittiae hs dwired to program
j ' ' of the NAND Fl ash.arra e able to .
. L b 85690 8 A0 PR R RS Bl ot e e
and/orasofilce e bcgededi gRsTahy Nyal DsFIadhchradly RWH1d 18 Usiths@hd bP Earry high
bl ock erase high voltage circuits Connected to the

voltages fyuineprasramping v & flanfingsate memoskicelfy asalivsivoeuse af teyblock
erase lglgn%f)(?éagg %irgﬁl%dco\qqg‘gﬂ?é Bk %ﬁb&fa%ectﬂbzrgglﬁgagl%gi% é@eﬁ?é@f D Flash

circuit ature el enents.
memopyr ataydmbe dgsignmdrwitc bmallsccialuiielesiggeney@tsneMepirduit feature

re e channel that is easily adjustable and of a
cleme BB 57 i BB s SRR IRBRSeneTRKon phAcprEriove
channd)tIRY isARSil PadBEEIE 208 oPRSGE ulFodn ARz Ol ati | e menmory

devi ce conprising coupling a precharge voltage on a

subsib¥ GteCechibtAiRint | U array of a . .
plurality of %[Ponai I ng g%rﬁié)%wéér\g%s Ege @?%%%?’%tﬂffﬁy § pp-volatile
memoyy| devigk icomnpuibing cogtlingp petikarge roltageedl d sibsti@e adUT 280AND
.aplurality of strings, upling a gate programmin )
ahite s B on e gaerafy of Ueftinsie wian g gubesciboplyrality
of floafify bat® neBf} cdlls'ard\o@bledin a plurality of strings, coupling a gate
programming voltage to the gate of a selected floating gate memory cell of each string of a
selected number of strings, and selectively coupling a program voltage or a program-inhibit

voltage to a channel of each string of the selected number of strings.

In another embodiment, the invention provides a method of operating a non-
volatile memory device comprising generating a channel of carriers in a selected plurality of
floating gate memory cells of a memory array, where the memory cells are coupled in a

plurality of strings by placing a precharge voltage on a substrate tub that is coupled to the
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sel ected nunber of strings, and selectively coupling a

program vol tage or a programinhibit voltage to a
web@snzdsonf each string o f the sel ected nunmbePCD1S2004/030014

strings. In another enbodi ment, the invention provides

a method of operating a non®ol atile nenory device

conpri si ng generatlng a channel of carriers in a

mem iy 0 By i o o2l o TRPE Sl iRlsaGumber

of stnﬁé%ﬁfdnid(tn@‘ the be bR Se Doltapk Fedm thedsubk @4 &ty lacald Aglke ON
a substrate tub that is coupled to the5 nenory arra

prograpaing wiieaemi Hy cantsel| gater o dhe selgetpdh forfinesate mﬂf@orz é‘?l{Of the
I
selectgci @rﬁafrgoggtrﬁﬂgf,glg ?C&?nje yﬁﬂlé&ﬁ%ﬁatﬂr?g%faﬁl{@c\g{a@‘g ok ‘hii)ro&ram—mhlblt
volta@ain&t progrecanpicd @ a/clahag@f eacli eing of tlredelega:tdanmflbet bestrings.
selected floating gate nenory cell of the selected
nunbRryeoindihdrieA®sdin@nd tscin@ehii MEppvitled &inikinSrye0@E adinprising a
vol tage or a progran}lnhlblt vol tage on a bitline
substigts pb.ecflaaging gateanprery 6¢ll Buxaries tithng legst ppeeadditiens Beating gate
mem&# E@l? Eorﬂlfed $ {he @%?stra!er}uy & wéﬂf’lté{i/]:e{:ou‘ﬁmqg 'a.r%% of th@ ﬁoatlng gate
memaEy bsll raail&mb ubuplal tiol aodrhiiin rod ttg@ﬂeatn%’rgateymeﬁidry beil Slﬁd kasurce line

at | east one additional oa ate neno cel |
COHP%WHW G e Leppia BAE&GRRLY %? lwzy are?rf e naf'da%wé{?% igpdapted
to pregﬁatrge QEhetntﬁ@l 1B|tﬁ@ﬂda@19§ %@ﬂe@né'ﬁﬁw 1SRt a ?eclﬁhfée'\fc‘)ﬁa e on the

led to a drain of 'the floating gate menory cell,
substlatwctua agdprogenh the éloat_nggaécj mepnery soll vath afloatireg gatmmgmglrmng

n_the nenor e i.s adapt ed
volta¥ T B aNa & Bragtart NGl erpr (A o PRI P Y iy ety
comﬂéﬁkhhMHhhla precharge voltage on the substrate tub and
programthe floating gate nenory cell wth a floating
gat erby REh&BRBMING: [ B S veAHbA BriadR 30AND RIcABERIT floating
vol tage or a progran}lnhlblt voltage that is
gate nsshaycell etringcomptisidg adNANNE afehitesture floatifigigath@pemory cell memory
. nbodj ment | ventlo s .a NAND architegctur
sting 0 FEA s thE sl e iRy REAahe ST RSk ey dhfted
sourc@tcCdihingif hade@alfstrigt WhgreBdhe sUBIRIY/tuBas hd APREtDIk OYap?Iyr d précharge
fornmed on a substrate tub having a plurality
voltage) tg REGCher 2§ sraicrapg chans] pithedigsfiag g@@w@@w&e&ﬁ 8f theishing, and
Where‘?n ﬁl%rN‘QNDSJrEﬂlﬂzg ré’\ﬁ&[tﬁgrét {ehﬁleﬁllépféé'lﬁ%l@m%gysthﬁ @gﬁﬁbég to
pl'y a prec ar ev agé to prechar car |ers in
progran ahal&nieﬂ flobtinghentd inembr}m;g:llgaf the wEimgrby pjed:lhg a@htetfhiegramming
stri ﬂ%ﬁ and .whe {el n the NAND ar chi te]gture floati nﬂ
voltage gnd theggle tﬁ%#ﬁ?@%&%‘? MRFRYY S61 a0 8 PIRBTATOGHAsH ¥ @
progré?rﬁln%ﬁ)ﬁ Qoftég%%hfﬂgd B2the chBRme )LSf A64tngdatd Hl%l‘lﬁ)tl‘g bélgm@ﬁ‘lory string.
pl acing a gate progranm ng vol tage on the gate of the
sel
vol 1o BBkl I 1R FTHeIOh hihe ARENGAs RAGEPAMIYS of varying
scopechannel of floating gate nenory cell nmenory string.
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Furt her enbodi nents of the invention include nethods
and apparatus of varying scope. BRI EF DESCRI PTI ON OF
WA RHEBSDRAW NGS Figure 1 is a sinplified bl ock dpemyusama630014

a system containing a Fl ash menory device. Figures 2A,

2B, and2C are sinplified bl 6ck diagrans of series
string(s) of floating gate nenory cells of a NAND
architecture Flash nenory array in accordance with an
enbodi nent of the present invention. Figure 3 is a

\8?\(;8]; g:rm gldﬁg] Q&%ﬁ@fﬁ)mﬁ ﬁmm devi ce of

the Pﬁgdrerl 124 SimgfgH bfock diggramVéVESRiem SirddhiABa Flash memory
detaiTing a boosted source |ine progranmm ng operation

devicof a NAND Fl ash nenory device of the prior art. Figure
5 is a waveformdiagram detailing a boosted bitline
pr odfigures 2y, Zihend 2Came oimplifivaNIock dispramesrfsyriaesiningts)iof

oL SRS S TR 2 S B 5 goorance v

anem@g&ﬁkh@&hﬂ@ﬁ&gér@h{v@ﬂu% the invention, reference is
made to the acconpanyi ng draw ngs that form a part

her I ,
cpea Py a0 S did o i Y o i O Bl
operatioracita MAND Flash memdryadevigsof thelpeionarter al s descri be
substantially simlar conmponents throughout the
sev dfiglre Wiiewsvavdioas digirhndicralt $ a doestetestirdellan programming
sufficient detail to enable those skilled in the art
operatig Praall ANLLE AR TEReBhEPYRe ROt Aodi ments may b e
utilized and structural, logical, and electrical
charfjewre Fd§ 2 pavefare dwgrh@ﬁetaﬂewa ppegied bidinetmesrapapes
e
operaﬁ&sne dtha NR@??]EEIP OVVI w Htg\élg% ﬁ%f?%%ﬁ?en%f'lgé e%{?oﬁ*ﬁ%t LEhE present
inven8@ni conduct or structure. Both are to be underst ood as
i ncluding silicon-on-sapphire (SOS) technol ogy,
silicon-on-insulator (SO) technology, thin film
transistor (TFT) technol d and undoped

y dope
sem conduct or s, TaﬁeHaE IQ@SQEUBT I9Nsi | i con
su e
e e
acconqiﬁhjllhg dramngMatafbtm afpart Heeeofpae] inwhieinh issthewanbe wiag of
a or substrate.in the follow n .
illustgag, ﬁl?f‘ﬁtficof‘rm&%ﬁw%%w GRS Ve URE s pe REFL b o the drawings,

like nknblalsZREriHR shiBM A9 s AR é%dn@ﬂt% thr'&ugﬁtﬁlt BRSRveral views. These
sem conduct or structure, terns wafer

embodiments are described in sufficient detall 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 terms wafer or
substrate used in the following description include any base semiconductor structure. Both
are to be understood as including silicon-on-sapphire (SOS) technology, silicon-on-insulator
(SOI) technology, thin film transistor (TFT) technology, doped and undoped semiconductors,
epitaxial layers of a silicon supported by a base semiconductor structure, as well as other
semiconductor structures well known to one skilled in the art. Furthermore, when reference is
made to a wafer or substrate in the following description, previous process steps may have
been utilized to form regions/junctions in the base semiconductor structure, and terms wafer

or substrate include the underlying layers containing such regions/junctions. The following



10

15

20

25

30

or substrate include the underlying |ayers containing
such regions/junctions. The foll ow ng7 detail ed
waele®snegsvi on is, therefore, not to be taken i nP@I/US2004/030014

limting sense, and the scope of the present invention

is defined only by the appended cl ai ns and equi val ents

t hereof. Enbodinents o f the present invention include

: i : t t t I
deta1%§§%§:§i§%ﬁx? ?ség'{aﬁéfgk? F{gg tol%% gtblaagltlg% lﬁmﬁﬁg%r%e Qa%h the éc%pe of the
present inémtiongs Befamidechly b ther gpeadad digmskrt edmmﬁaﬂits tlefredfhe

present invention also include Flash nenory devices

t hat Etfbollinzedteo Hme prednt idbertiod ghalidd diyidee tHae Progand ﬂl@bﬁhg gate

a voltage to the substrate or substrate tub of a NAND
memeryghs wgﬂw HChigete fnades grganemenAaes LEHZivsboqstedgub
progr%ﬂf%] EBBO% fed &gthg gfﬁemﬁ@eﬁ%oﬁ% §nc9ﬁdeqfla Omemoxiy devices that
a ng a |g gate progranm ng Vo ge to t
utilizeh bbhﬂeckmbqmd)gfdnfriungtrman]g)cgtat@plyeamlgage ed ths sﬂﬂ;ﬁate or substrate tub

of a I\E‘g@g’l ]JQ%%( Iﬁ@gr s é‘%{‘?ég’rl?fgﬁﬁg é%f&g?éb%ﬁ%% ‘g elpéheagoatmg gate
memISSEN€fkiorTRpHSEn Ok hEhBARSHSakiRinR U WO AP B8Wlected

avoi ds” t he requi renment he bi I|ne and/ or source
floatipg gate ananeary celte gm@ﬂoupﬂlng Ia@rqxgmn FFipaegramrinkipit yeltags te pragram the

stand or carry s_durd anm
seleclfr O3RN By efRininbelt § siied RS o REd B P fhotine
apprdatiPe¥oidy s equhx@lﬂnet@ tHaggR Hidling dhd/Br SoUReERieadcti? dedign of the
substrate tu This allows the NAND Fl ash nenory array

NANDFlagh ey berible (@ WHhsard pregaryiighyveltages dyping prpgiagyming of a
floatlg !itF I?l#lelngdggl gé’l’lst euflcf3 Qlﬁc#wsereﬁée éﬁﬂé ?lﬁgf LOYL Giofh V%PQ%%CI%UHS

I agram o I'ncor por a
conndelteisth t]llﬂ?smblstyaté.@@b eThio dllnwn thedNANThElagh siempty arrayestbe@dsigned
) cted 0.a host 102, which is typically a
with wgﬂﬂé §1§F‘Hb FissaR SH’@HB?‘S}“&‘MP%WCI Denfhe Fl ash
menory 100 has a control interface 106 and an
addr Eggredbmwsm simplified dippram of a gydendeR incompsatingn Flash

memé\ljngO RbRGEhAY o‘i‘l?lYé Hﬁgse}xpﬁl ggttl(ﬁ'l %&We&@ & h(gs?%b Wch is typically

te accesses. not e in alternativeé
a proenskmgi deod st mtlhmrﬁdoittﬂﬁ]gt dEhaFlaslt erctimcye 1(](1)&scaam)nhel interface 106

Nt o separgte interfaces ternal to
and afﬁla 52‘1?% Isjiégal@gt At aghe gl“%’t‘%‘?f ﬁé‘&ﬁhli’fﬂéeséma E’F‘él&“? 402 to
allowtrH@mbl@’tr%J‘ﬁid WHE! RlckQBs. MARGEDthat ReafehAsibe %H@dh)hents the
array 112 and updati ng RAM control registers and

 addrepyifiaty iitertick 08 can deldivuidéd imtmeeperatmintarfages tlatesnal #o thg fidash

N R B B
memdrlyashy TependugdilingIAM sl PeyiRery add héy vdladle ot dldeg
a sequence of nenory banks or segnents 116, each bank

managemen é?gjaﬁliSzléé o RAM prtief eeistare ppdigblss 144 arantidized Ry the
cous{ e SASURL S BIRE X S5E550RILH AR RRALT 107" Do R Rlpons

array d h2l contwing @ dequenoe af mewoay banks lousegments 116, each bank 116 is organized
logically into a series of erase blocks (not shown). Memory access addresses are received on
the address/data interface 108 of the Flash memory 100 and divided into a row and column
address portions. On a read access the row address is latched and decoded by row decode
circuit 120, which selects and activates a row page (not shown) of memory cells and the other
memory cells in their associated strings across a selected memory bank. The bit values

encoded in the output of the selected row of memory cells are connected from a local
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address portions. On a read access the row address is

| at ched and decoded by row decode circuit 120, which
w@edosnesoand activates a row page (not shown) PET/DE2004/¢30014

cells and the other nmenory cells in their associated

strings across a selected nmBnory bank. The bit val ues

encoded in the output of the selected row of menory

g8 B PSSR bR B PR a8 e 12

assocﬁ%ﬂfvﬁtlﬁﬂ@iﬂeﬁiogi Bank?2 Thassdeha bédevd dﬂ“thé h@eﬁﬁﬂmtmeﬁaiﬂﬂ decoded
The col um address of the access is | atched. and

by theolimdecgge eiFatitclgrhe qatpye! die calpmn loopdeFiEuip srlgrtt the

. af
dsphf G| A A RHE LI AP SRSl 85U titer 126 for
transferdfinore cieaderhaorytdeeicd dtran gl tlfe@rddﬂe%/dﬁtanntbrfacesf(l& On a)mriltdne:cess

me deVJ t hrough the addr data interf
the rogiiegud Sipkt 42 seliety He rpuip e con eoiaicpa Sty ESflegginite sense
amplifiB8 1POWDRAGAIRE S KOk M8 Mﬁe&éd £rdht the Ahi@ GufeM 26 8 the write
sense anplifiers 122. Data values to be witten are
sense emplifiers 422 selented iethd so b fleeade it 324 hed wriiter tosthp gelected

ﬂoati%gﬁlt%%iar%&fy (i%flz H?o? |8 Ct d%tb ﬁ%gtlgge%laocr?l ga gf ng \év(f"ktel(f‘ gélfs are then
resele6Rl b§ theoly b @m}modecbhe credey moannzayndléease diplifidrs 1122951) that

cells are then reselected by the row and col um decode
they cap pe ifad o Yaify thep thegoiresé Halueshayeiberr proeigpmedinig e selected
memqﬁfg jccan be read to verify that the correct values

ve been progranned into the selected nenory cells.
S bove ND arr
i t s ésr ?t ov]@1 % A\ ga e %tﬁ%tﬁl%‘értr q%ééjftg aI%}r (?frfﬂ)eaﬁng gate

memcﬁr%ﬂ céllstih atmaitﬂ'besmttﬁﬁ tl&f o8Re bf édcﬁ&ldaﬁgg gate enatReT® lcyll Oﬁihle array
the array are connect ed by rows to word sel ect
are conperded byrews iR HFd sedest ligewf T%@emomyd&r%” the #pyFEgarranged

( togetl{gggﬁ%tﬁl\?% éiprglctﬁ.ﬁi bf]9516 SR F&?Ari& léac,cﬁC wherelfle n?é%lcﬁe caﬁrc%nnected

menofy cells connhected toget In
togetlee i @siecs, SOUTC® dramdbawre;:n haebwee hina an«barcokunin melisndl t@ NAND
.colu hit line. The NANDarchlte ure fl t|n%§
architgGIpgs Hipatig e MEMORSHTEY SbEbACsy ] WA foalisaist Rotiating a row of
ﬂoau@g%atyﬁ{emegy @115 BWs&Ectfﬂgoﬁfe'Md dalker IR @nYed&d loshdlY gates. In
ecting the word select |line connected to their
additigmtthe wotdrlings dcprtneotnd tq Hee gadestthe unsedecteshmempaiicells of pach strmg are

drlveng,a ngﬁlttet tgx unssé ec fétr%%%mcr)%yn el?é eogt%e stﬁrﬁ%ggﬁﬁs ﬁ%ﬁélﬁgrs% tﬁlat they

pass cukehtig aaﬁanﬁéistﬁattlﬁ anshteiokdhy Seirtshatd Hﬁtﬁylam% SCergért et flows
in a manner that is unrestricted by their stored dat a
from thg|spse ling forthpeolpma ﬁltflanqgarﬁaﬁm geries Gpprectad slingy respicted

C

ony S5 ol ek s AL 580 A5 i 9REE) it e

encodeé atbrédaeaciiues tof thegow Iieveddeyedphambrgeeilh ©n ¢he eaduhin b1t lines.
encoded stored data values of the row o f sel ected

menoFigue @Al sho@8 atsheplifdditiaghini of 4 N&SND Flash architecture floating gate

memory array 200. In Figure 2A, a NAND Flash array is comprised of a sequence of floating
gate cell series strings 204. Each floating gate cell series string 204 contains 16 NMOS
floating gate memory cells 202 that are connected drain to source in a series chain. Word
lines (WL1-WL16) 210 that span across multiple series strings 204 are connected to the
control gates of every floating gate cell 202 to control their operation. In operation, word

lines 210 select the individual floating gate memory cell 202 in the series chain 204 to be
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Figure 2A shows a sinplified diagramof a NAND Fl ash
architecture floating gate nenory array 200. In Figure
WQ@20050298N\D Fl ash array is conprised of a sequerCiyESN4/030014
floating gate cell series strings 204. Each floating
gate cell series string 204 Tontains 16 NMOS fl oating

gate nennry cells 202 that are connected drain to
es. .C

writiep i b ol ol LSRR R Rinallihs gob e by &t 262 T cach
seriesGaTHpEIIMGS atpa ssIthﬁ)uI%)ﬂhb@é Bahesrie stanery4 bf Witinp ga@ah&mory

cell 202 to contr hei r operation. In operation,
cells 29rage Fonmested 102 sanise ding RA6 by @isriga s¢lest gote 3 19png 4 an individual

blthn?w ﬁLﬁng{b§ %g% erJ tsj%f‘ecg‘ £t€ 9?% C*Pﬁé §bu¥93 sele E%ég?% £t8 controlled

m an op er € renml ni ng
by a sgaltce sﬂecmglage @etrbd hﬁé)ESG}(rS))amﬂlccsmectted; tcsﬂhenr oontAfl4aien. The drain

ss throu d Each ies string 204 oating
Selectggaf AE nlafenﬁ?fi bzezirapée 6%?%0? Bn%@f&f?r)):él ‘i ne
206 by a source sel ect 8ate 216 and to an_indivi dua

bi t |Flﬁere(2@_$homra) sipppdifigg seheapagic dliagsgm of a gEAND Flgsh arghdtecture

array §9(?‘ éf&%vlggh %Em%agﬁﬁé nl%%ﬁ 1@1 (Sgt%tg4r@f éﬁ l1ﬂ %P H% ggatmg gate

memdrheelts 202 tiad supatrete/subiteatel tubi 252s dh FgurcgﬁBezst foating gate cell

eSSBS R PBSRS) 8 A SO S Pl

sourc®iMNONBELRSA WorliliRe g —WL3§21@§1% c%hﬂé’@té’lﬂto%é ¢Qffol Bites of
gate nenory string 204 and the coupling of its

the ﬂqiatmgtgatepgnegmrer cadrgpy te eq)nts)l A@r epsratipn. In operation, the word lines

b 252. ' 2B . }
210 SR GFAREETLARE ob Ry o oD 0 s elBas e wrcen
to or feh® b Ehddperitd BB EIhafifhg Hodihg & aﬂﬁﬁleﬁibgy EMR 26T irtthe series string
drain to source in a series chain | i nes

204 i yipass Viprgygtpmoder d'he serirscdre Q4 is wanresifdrte p sgece ing P06 by a
sourcé Qe%cft lggt%tQ'I BUnd ?c; ?1 KﬁL?)ﬁidS\f%/zﬁ)gﬁalnosefé%g %%9 2 1?.h'?hé %ci%léce select

ron. I'n op era I'nes el'ect
gate Zlﬁds sontitodied bl aabum@ sghtegatentmtgol tiet (SGMEY) 218 donecaat toghe

chain 204 to he wit to or ad from and operate .
contgiygate, A agwfo%&t? ﬁgfgaqoetrﬁ% PYa et Slspgate opg line
(SG(@? i £STRE Edd] 206k, HB? 3 C?‘)?ag§ sbiceugl dRdGre Jégﬁmﬁ%ly @8nnected to

string 204 is connec a source |ine
the substmate arbsidle dn addition2the sawde tamd drafyi mbuelﬁetr(CBLD)anOE&)ablylvaly

conp i Pty "E) ot o1 A TaRR P SRR by i ncuions
(and dnSGhdckd 2dBieEemRiet) el d ke idbgtraeﬁahws@ﬂategtab e52.Ti¢pig4lBi, 8 NAND
sel ect gate 212 is controlled % a drain_select gate

Flash gesmaqry TRy pefornagg] By hankjor erasg bl glapntg allemany ¢nses g banks or

segmitftt fie AL 0Bt o8 e G IRAREL WL RN 3 Bk e, NOS
floatinly gdte call eankk ectagmants yarabedseparaeec ty snbbtyate nibp If(mhekiywﬁﬁlB doped
o AR BT e e LB
1solat§)BQ)f ttﬁlﬁn&tmﬁfaf l?érﬁ{s%fl%ﬁsé MMkt 4R dpdle ihIRiGA] babk & e%é'@lock

menory array is forned in bank or erase bl ock
segm@é gggml@ns $uchraa oyl exasuretof ghedzank ©r grase block via the substrate tub and

word lines.

Figure 2C shows a simplified diagram of a NAND Flash architecture array 270
showing a cross section of a series connected string 204 of physical floating gate transistor

memory cells 202 and its relationship to the substrate 272, well 288, and the substrate tub
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segnents are fornmed on one o r nore electrically
i sol ated substrate tubs. For exanple, NMOS floating
w@aios/ozeshl banks or segnents can be separat ed PYT/US2004/030014

substrate tubs formed with P doped tubs isolated by a
deep N wells in a P substral@®. The substrate tubs
allow for electrical isolation of the individual banks

252. Of FRUASEC, WM@SSH@BQ% gRaRbEsisiyll 'nYé lc&ﬁ@@(lﬁ e fgxrn%% o4 P doped
bl ock segment operations, such erasure 0

substigferikb 352.avhigk isih bk endaged imea Nuckhaiedawal 28 8oforined Wwod H-doped

f
e e S RCEE TR YIS

284, dram wel nfezs af QN BRGIheChred zswwhg%ﬁfon%haa%heé'(el%&t%%%&@ecnvely
e fransistor menory cells 202 and’its relations

form &)CPOPH]@ the peeA8d and draing$l regiens ofreach NMOSHhIatiag gate transmtor

{ te tr a L.or
20 i et gl 075 O s BB PO
floatigs@ate Q78 arid 4 sonitrol gate ﬂ783fma&6d)vbﬂtha sburteped, aaln 28288hd channel

P- doped substrate 272. The NMOS f 1 oat | ng
area 25&2153{3@!% B inrEaer (yRieallgsitioon @Hde). have a source

well 284, a drain well 282, and a channel area 286
wher & 15R9Esk thet othes fprmsraf Féa@belﬂﬁm gr)chgecrter@tmmmw afrnaymmst
82 regions of
having QR o S o R M B 8] G Py S 36k o
PMOFoﬂeataIg’gammEmotydWEB floating gate transistor nmenory
cell 202 has a floating gate 278 and a control gate
278 Aostared abve] intShSAMAGS R8drantHhmbin &?eralatﬂg nﬁﬁl%%n@éus are
86 and isolated by an insul at or muflca y
Pfograé‘ilffl?%éﬁ ARRtyIge p highy voltageraress the gentselrgate anst the sodredsidaaim, and/or

[ &t havi ng. di.f i ng
chann%‘f?&‘*@l ngegg%iff%%gﬁ% %éé‘rggg&?s}’or%eﬁl\éfy n‘ger o tun \i iets ig &he
electrlppéhyblﬁylatgdI“ﬂsatl@gate”a&tlﬁw% anlematy ogl. gﬂtfﬂ)aﬂﬁg’fgﬁty nfe@ddr cell in

ove, in Fl.ash nenpry rammng in
Ff}i‘ E‘/&(

an eraf Tl SO RbsyPers it Ge Sl e g helespiony gicaly
signifibé glogvObit B0 RCHOSBminhe” ﬁ%hgg §8%2‘5§P?1§pcte§ﬁ?at§ Q%i{hca%'dltlonal

drai n, and/or channel of a s
carriers pg Haq Beading rgﬂ@nﬁpsﬂaﬂyé tdpretsgntsmlngic =i A é}emeraiﬂtypmtﬁn@rammmg a

cow oSS0 B L GO B T Bt o
supphsi witk eithértal' peogras’ kvdlfag@ aF & |''Ffo"grzirﬁ—ntalﬁIBltﬁ Iv@l@a{gen& &@fr&i (R gate
| ack of el ectrons) glcal nifies a logic bit

programyning xo tiaﬁedg F@Prﬁga hspp on thggwggi ]@qﬂ;ﬁb];sy:on@qctedstp anéforms the
control"gatté‘s cﬁqgé L Qna ro%frrﬁéﬁcﬁ'% %llg Eo ]tnfog% ! h‘tajgnglrvgﬁa{/ﬂoa[twg gate

typically represents a
memoxyras}s afthemgwan eichwer amrmmmd@até 81 kédp&helmah an eﬁa@é& §ifte by
and/ or chann di vi dual nepory

1nh1b1tg1lgr%?grglalwg ﬁy geﬁﬁgﬂ dablt Jﬁpox@ltéma (IQBHCﬁlaé)e qg,a lgglcal "1") In other
words, 10 R Thd ahk Bt the eYRLA @egpthe%hqgé bifRfentfdl B8 Ren the high gate

programming voltage on the control gate of the selected memory cell and the program

voltage applied to the connected bitline is enough to tunnel electrons into the floating gate of
the selected memory cell and change it to a programmed state. Whereas, the voltage
differential between the high gate programming voltage on the control gate of the selected
memory cell and the program-inhibit voltage applied on the bitline is not enough to tunnel
electrons into the floating gate of the selected memory cell and leaves it unchanged or
“inhibited”.
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programm ng voltage is then established on the word

line that is connected to and forns the control gates
wo@Rooshe9ssel ected row of menory cells to prograreT/iis2004/030014

i ndi vidual floating gate nenory cells of the rowin

ei ther a programmed state otlkeep themin an erased

state by inhibiti ng progranm ng by the appl ied bitline

vol t a R '
v JESANEE b B ot bt ptug s ging process
acconmkhe@igﬁy slhdih @ eietiek b aprdpeime eoltddecorhi "ghoggahanlibnyveltge,ng is
ol tage. on the control gate of the sel ected nenory

desireg e the ﬁahtl%ecoamf&ﬂatm the P?rygéoamﬂtqdeﬂn@%f QoRkiRBR Hiedioating gate
mem(}r?}r tdil s"{S bk ro%?é]ﬂ?;@d tent HF&F& Eel@ét%{er 99R0ithed b edl]ﬁWln& the voltage

oati ng gate the selected nory ce and
from tht bitbnes tpbe gommrnied ts t‘pteehargy éﬁlsa:hanneﬂseof\xbd: Sﬂglb strings. A high

s ST AL P et Lle N AL RSSO Yl L96E o
gates bi@e @él@&é(ﬂfﬁw SinBhbry éélisagﬁh%ﬁpbtht%nﬁﬂ}oélﬁﬁnhhé ldvBeydlage (a

not enough to tunnel” electrons into the floating gate

pass V@itagehes estdbbishedcht thersaume @ on dgiwpesbhnes Oif thetmmﬁmge%pa@mg gate
memo[% gerus oétt]%e eﬂ g‘eél aneas (I:r\églr%%ct%é %%r ggtsrglsﬁlsl ﬁ SS vgffa%e t}% effect of

turningltRCreftQirthd BRfmody celisqghanbn obidigen Rgadless of the programmed state
programinhibit” voltag as is desired, on the .,
of thejsiipteinabloatgieate: alpwingithemde prisdhe GRRBRRAE Prs Pragy-inhibit

voltag%?fg%t?vaaﬁ#ef%?& Q,E gfe &R&Mﬂﬂill?%%ﬁnéﬁéﬁj&ﬂm%%{) kR sreféc{%ﬁ enrl]ory cell of

rain sefect gate I's also turned o
the indilvidoal sa:get $teinyobedipgerderanmed.e Tbe ehiepesgramniies vatage oh g

r channel s, of the serial strings. A .
seecti] Y GEDET B GST A e RoBaRS Aan S STHEA FEGHABIEURELF wrkeops i
unchahg@d i‘ﬁ"%\h%ﬁlbﬂ@d sttﬁ@(logfcaf: QNGCE l%glctap" t"f‘@ep%ﬁﬂérft @h tEdRsected
of the selected row of nenory cel hi gh, but

progravo/prqerargrishihit ngltdge pdhcedaint the eom@c@é@tlmgi tage) is
established at the sane tine on the word |ines of the
r endfigimg shbwaﬁaivn@rgmt?é)OnﬁmN&ﬂ\ﬁbFlash arfchitdzmeurséloetimgghte

serij.es t t Thi s hi |t
mem @R &3R 1L R POGTed SR Ry OP R PR A0 T (e oDl &t P program
and pro%fhm RN &dlﬁ?esr G0 & S8 SS a?&o érﬁl% WA SIaNe @br&éﬁhﬁ‘lo@i@:al 0) 304
eir internal floating gate | owi ng themto pass

or progrﬁén-ﬂmb;gvcdaﬂge of 45Nt @@fﬂﬁm lﬁaical 1) 30@05 pliged et bm;ge 302, 208.
A volféé?ég 7 .egrg ﬁ) 1§ o a 1ed H) oe?g %OP ﬁ)]n %} éel 16 &2 thE Hleam select

rrermr EIn rres s

gate cbirs1dinp 204 emnmg it e pg@h@rgmga@e armthgtgon/tthb bige 802 1088(61ther
sel ect ed_r.ow _of rrem)régcel I's then p ns themt

ea.r rogra
4.5V prograarinkibif b@&aaﬁﬁ%og REogamcedizge F‘Pg)ifﬁé]l’%??&ébsmﬁg ghfloating
it I
gate ngepeg él‘rf]‘sSQ onq% ﬁ%ﬂ g%;nec s 3&9 %plf’éd tgg%?lée rr(})fl tﬁ squrce select gate
216 on dictsagee ptlactepiteotontrivblineo A h&d<teep|1ng iitt thined ©ff d%ldgswlaing the source

line 2%1 g%ivﬁﬁgsa%rpg%mu%gt t%fa 901%%'6\:'%f QC%%BS Frgrt;ll the Sertal strmg of memory
cells 204. After a selected time period 314, a high gate programming voltage of 18V 318 is
applied to the control gate of the selected floating gate cell 202 on its word line 320, 210,
while a pass voltage of 10V 316 is applied to the control gates of the unselected floating gate
memory cells 202 of the serial string 204. The voltage differential between the 18V gate
programming voltage 318 on the control gate of the selected memory cell 202 and the OV

program voltage 304/4.5V program-inhibit voltage 306 of the bitline 302, 208
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menory string in a boosted bitline progranm ng
operation 300 of the prior art with program and
w@e@gozesni nhi bit voltages. In Figure 3, a progP@EnUS2004/030014

vol tage of OV (program |l ogical 0) 304 or

programinhi bit voltage of 425V (program | ogical 1)

306 is placed on the bitline 302, 208. A voltage of

) .I. . i . i e

R A R AT R T T ey
programabing, Acf V bitkinel vpltape pacahiarpgs tieiewsdh tlxgehaanel toff éhesietiblistring of

N MR R T R T A

on thé t&tol Beke GRfHR: BBV mERLHSceR0H2 tﬁrnYIQ% SR9R Bhin\ERcate®212 and
applied to the gate of the source select gate 216 ©on

trapping éhesehar gean slae eannght Eheclsanped charige és pa:itikade ppupded apwards by

e Y0BTSR S0 508 L ARSlRB Ghy cn 0

decreasg tle psdgrameniof voramrdiffeehlisl b20dcenAhd ediriers ©€ kiRCdh@shel and the
time period 314, a_high gate pr o%r amm ng vol tage of
18V gags progrmming 5iqltage 318 Awg/ bigkine wltage alloves the Heain select gate 212 to

remai&llhiﬁ’ ah bl Qta&?ESm‘Peﬁ:ltih gl%g%hgg%%l/toz t%geggﬂp%tﬁlg%&f@(batﬁéé %ate memory cells

Il'e a pass volta
204 te thet0Vohppdiad &3 thef bitlhe. (ihiedlempethefchamatel rgdgad maimetimthy

|l.s 2 f.th ial stri 204.. The vol tage X
prozsiimit Giled{RENER eftren s Afate G5 eI GY oblleuge et
memé’r% B0 @dGRBUBY! g82h S eRimhing v%ﬁ'.agé% B TR Yarfi€lslinto the

202 and the OV program vol tage 30474.5V

isolates} Hegtinmgaiehi bit vol tage 306 of the bitline 302, 20812
prograns/ programinhibits the floating gate of the
sel et ANEharopiteethie B18sh memopy, agothemippenack isitle bodstddrseurce
of t

. | t h carriers in the channel e i
line RGP B S o PP Ll pen s EitER et @?#@@em&'amrce line
conndch@no @ sehfl skANodatie: RS RANbNEhtM4OIrE 388 13 A& &n ARRBhh&Hthe

on the control gate of the selected nenory cell 202

voltage ip Hhasgrigk siringe ddditianalbl, edprogeame’ witgaava { pragpioniphtbie
h -0 4t he.t.rapped char i S. .
Y W IR —

contajpipghe ivhtilg b higeord t8l100 BeliRog@minied b@dé Botdfonhdteed to the
cell 202 decreasing_the programmn

sel ect ed nmenury ) .
Selectvgﬁecf@i; SrigeY { HHalecthe presbate anltagsas vilaplercd thy camected source line,

o b By LRl By RN AR B s Bt At e
memarg pelismnidr lagh passstadtngs iscotablstedrog théevoachbmelf thof ndnkmlﬁcted
. ial string,of.floatin ate nenory cells 204 to the
oatiFEmeRoty (15 e ees e TR TR s HES Ghdn i tig Zae
transi$t iemBB BIRIOT thed \QriREOMdRbNchdPrdAdReslh EhBMENSE @lriers in them
bet ween the channel of the serial string of floating

(typicaldy elegteans iy NOMOSslating gat¢ transistosy). §xice therdhgnaehiianbeen
T ) A A y—
the predhatdesroltagfroacthe iséridl REinge0The drHOEH1ER gates are then turned on,
allowing the program voltage or program-inhibit voltage to be connected to the selected
series connected strings from the bitlines. The gate programming voltage on the selected
memory cells then programs them to either a programmed state or an inhibited state (logical
"0" or alogical "1") dependent on the connected program/program-inhibit voltage placed on

the connected bitlines.
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| i ne progranm ng process, acconplished by placing
precharge voltage on the source |line connected to the
w@egosmk9sst ri ngs. The source control gates are BCBHUS2004/030014

turned on to connect the voltage to the seria

strings. Additionally, a "pddgramt voltage or a

“programinhibit" voltage, as is desired, is

est ablyi,SNEdoRR BRI 40T (0PARES - 0

connegted s?ringg conté%n?ﬁg'the ff%g%%%%&%g?gﬁﬁgﬁgﬁ%ne
memaw|sirggtin a beogtedgruaceribak plogtanimingaipecaion et tiechriod atthvéth program

sel ect .serj al ri.ngs. [ e precharge voltage, .
and proZray %ﬁ?& Taltages f‘f‘rfl:ﬁéﬁ%ﬂemeﬁw Aecbitpetis, Toging ghfe deffcs string
204 iPprRATATILIG A 9Vthaaesd 8026k Al doshediRmok faﬁat\i@&ﬁmkétﬁt?&) the serial

the selected fl I'l's and a hi

) oating gate nmenory ce g
strings 284 thyen ghdbesqusceerniiol igeise 8 16 ihidhearatirded pmby a 65 haltage 406

- e I ing. cells of the series
pacc T3 ABLEEIEF 1 00010 848, TR pRShE Bl rcec o
0V 408 @ris'ipsd goam-NmHibity vél Rlclesof @ 5 B0, s i A& Sred N6l established on the bitlines
est abl i shes/ precharges a channel of carriers in them

208 copngpied 4 thy setiesaonpried ptrigeedt Fepipin thafleating gate memory cells
202 td B@ﬂ%gﬁhﬂﬁeﬁ) ‘Th 8&5&?4@@8@8?@%%%?@1@5&?@% ggg?%eg, are

the sel ected serial strin e source con
isolated Fomuhaetbctdf serinistiimpe?d4 hgthiehizaipreeatielr gees\2ab} wiieh are turned

ST S R T
prechRig §bRdBeiof s 40V RIab20801E 8n P& SHRBEEY @&Jr%@liﬁé@ﬁ, a high gate

sel ected series connected strings fromthe bitlines.
prograpmmingatodiags ofghfmthiy estiblislgsl @ntheveord dinesc4 o 2 i nDihy selected

. t hen 0 ns.themto either progy.a d state ..
foat A b AR UG HORRD TP i Slei B R SRR b By i tines
416, Tops tibaivh-selkcicdgldanns eateafenbSARITDL 0P RN & HoRhdcted strings

vo| tage placed on the connected bitlines.13 Figure 4

204. JhiswEhaR Br VMO ibotisre SHaANDITDEEAmarels 802 of de strings 204

and egtgtﬁﬂﬂés%@ﬁ{g%s JRARMY) 3F %fe@%oﬂsrh.&fh&ﬁo %%189 tl}%%ﬂar?neel hésri)%en
programm ng “operati on of the prior art W th program

prechangad jurtbgseevtédndeirial dtringh POQeke sduncd-¢agiobgates 2 eearblAdRxd off by

.architecture floatin ate ie tring 204 is
placing B Ge Bgnrse Flest Boti Goya s Th 2 hethedpecting fseprocharge
voltageQff 413V8402 st tROSRREL Gtk 206 1:BR RELER sﬁi\l\x{%‘ 2%@ A0tar thresgold

]
through the source control gates 216 are turne
voltagerpf |9yl Vad 24! Bssunng a6 Vi 0eeghiokt drimselent gate ¢raggbtentis tan epplied to

e RS0l A0 IS SBTE IR o BB s

voltadd.db YVARO dradissel et gdas 21 2durnk n@sH aRInysshBEl cIMnéINg the serial string of
bitlines 208 _connected to the series connected strings

floatinggetemamasyificHy 204 1 Y 8 Myftegrativelip dighg aprlied dithige velgage is the
e AP bi T 410 .

o BEOSLTE S SV GRG0y PO i

chargs arthathashelistays tapdedmnd iseaphioiti vely oodplal uigetrésb P e applied gate

which are tuyrn off pby.OV 414 thatjs placedon_the
progryjpaing Vgﬁf‘@c Oggf & @eﬁqﬁéa 8afq pregupmuing Veltaggef 18 42D on the
selected memory cells 202 programs the memory cells 202 to either a programmed state or an
inhibited state (logical "0" or a logical "1") dependent on the connected program

408/program-inhibit 410 voltage placed on the bitlines 208.
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precharge voltage of 4.5V 402 is avail able on the
connected source |line 206, a high gate progranm ng
wo odosmepsonf 18V 420 is established on the wor dPET/DER04/030014
416, 210 of the selected floating gate nenory cells
202 and a high pass voltage 418 is established on the
word lines 416, 210 of the non-selected floating gate
meno t
Thi sitg fed Tk Bt pydehinEly LB INER, REuBlckt AR oBfifhguions
are paseiblesfo? @2 twbstedebitineiang boddell sonece line NAND archltecture Flash
est abl i s% / precharges a channel of electrons in them
ngf?ﬂ%ﬂ g Ret a%lnnel has been precharged in the sel ected
serial strings 204, the source control gates 216 are
t ur nEgrbed Hneﬁgs féléupr@emnm@n ufiljge bwregéuwla&tub@afoeosted

s Shokf 1 (s MBS phIEABASRY e
chanrgbof the seectedgeridGaringd of antiiggas hehthry odllsage pedgrm i selected

424 0.6V threshol d d | ect e
memty Grl ST R e PRl oUaER HGe R Ei £t B e galegcd

memd‘r? RENOWith \ﬁlﬁcﬂjtg ’tun?réffcarﬁérst Iﬁ?b@&@d‘ 6 pRigkd B2 BR substrate or
P ral

voltage is t egrogramvotageo "sel ect
substigtet ‘duty’1(@efemech 40 bereamad the &wp?) is kaisartannelevated wbhagelcveano stably

f. 1l
and 9 pftloe tho PRt pR PR af iRt pEE Yol gne
transﬂbﬁgiéﬂm'y odls o fteavi® bdrag etrivk WAttbdArAdQ. trhe czﬂﬁ@ts"hr@é’élﬁ%d to the
ate 212 remains off and the carrier charge in the

Channéﬁafﬁ” il segipbsiEings Hpegh the dntrissie dipdeifermed bptwesnhe ipzurce drain,
and cﬁbglg@f (Srj(fe H%ﬂ&%ﬁ g“g?&e& 'g?tgsglrgcgf mlilfbﬁlg %%ﬁgﬁdqge %llﬁ)fé%gi% g%ngh pass

voltagehie tmﬁlapph@ﬁmmmgages of tHemoﬂQ;ElepfedgToaﬁBg pdre nivgioRy Yells and a high
cells 202to elther programmed state or an inhibited

gate PLpgpRIERRYRAge toghe Hleded BgmeR colls gllowinatng glecled merRory cell
to be HRBARGHEMINRIPEHPOMIEABL f?)rz 28]%'"0?4 | ?ﬂ“ﬂblggltanfl gm‘fﬂkﬂﬁg@ Rlélrced on the

pl aced on the brtlines s note

bitlingsr ogr anmi ng vol tage | evel s, sequences, and
optim zations are possible for the boosted bitline and
boostles psobarging ofthe MiddDeBIvitti the tibytateRub $mboosted tub

R - N W T

circuifsUioiark eanﬁrs%%@ﬁﬁbﬁﬁelﬁfdﬁfl% o ehet ﬂ’oal?iﬁg ht@ rﬁe?n&g%ﬁta?dThe lower
t ub progranmm ng) to precharge the chan

operatieg e@ltages efdtheed cisquits pewdér sthaker pngngamé dﬁElmD fopturekizes to be

r m.th sel ect r th a
o PPIRAEATLE I BEbACHRTRLR e el g oG mory ary o
be desigieﬂc Bedstar Kot ysmgeé:hﬁun/g 4180 Mvved Yol ReukdBNBE hipAlVol@ES eircuits in
boost ed tub programmn the substrate or substrate

the Sub%t%ﬁ’/Sl{hSErﬁté B gt G R Igrpulleerasura ot shejezase flagks of e NAND
Flash #thRe QYRS Hﬁg ({gﬁann I:ngl\ﬁginrr k0 &c}cﬂt%r%llgr\%)oytghft O}(.[g? éran%mmg

precharge t SOUFCG an raln n
allows foe nidre sppeicifip gattepl of the precharge voltage than in a boosted bitline or boosted

source line programming methods, with their more complex circuit paths and multiple
intervening circuit nodes. Because of this reduced intervening circuit complexity, the tub
voltage can also be more easily and more uniformly optimized for programming and
minimum disturb. The boosted tub programming approach also establishes a more uniform
and stable channel in the strings of floating gate memory cells regardless of their individual

programmed states allowing for better control and precision in the programming operation.
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transi stor menory cells o f each serial string with
carriers. The carriers are coupled to the channels of
wo b@sszashal strings through the intrinsic di odeCT/O82004030014

bet ween the source, drain, and channel of each
floating gate transistor nmedry cell and the substrate
tub. A high pass voltage is then applied to the gates
of the non-sel ect oat.in e.nenory cells an
i gn PSS EPEE AN 5hidut Bl e TR ol P PonS

progré@hlisg appkd-M, 1@ subgraeh®clseds FdEanty aGelettsd pRchfge voltage level.

rogramed_in corresgondence to a progra

At th%sw @me r AHPBtlevad VP dage ip Pkacedion e hidings %Soéﬂsspurph lige 206
comAEBHANR: B MIEARRII L DA GRSAL A Ayl

bitlinke208t anldisz@dedint 206 lean bé placekindiigle ithpelansauodse(Hi iZ)and allowed to

circuits, decoders, d sense anplJjf.iers/drivers of
float yipthbsls Ve el e, SR el FUOPRG Indiaétof Gpneivepy with o
separ¥i@vbRGRS Tofe RERA Iﬁ'éc_rlﬁfgetx%lﬁ%é %lifeg o BEBLbEFateltub 95 Fidws

and device feature sizes to be used in these devices,
througlh thehintiinsic Whiedeal(hewbowo) foamedrid ¢ash folatishgdte bansistey 2§Rthy the

) ne array to be.,desi.gned. S tub oqr j

juner R EF e BG4 AR AEER Bl if BR e uR bR T e

voltagd®es Haith Floafisg Bat hahdstorP0Z B sis@atdttht iﬂe%eélﬁfgemdﬂﬂége, less
erasure of the erase bl ocks of the NAND Fl as

a dioder &rRp) Riechar gesia dannel @t garriersia i foatingagpte trasistor 8p Ayportion of
. re,.
tis o Efhog oy B AT e P Y Sl Bl LR SR L b attected by
capaciitivel donplingr alsbaswibbeseducd Uyi the cpuplgizanto ofxheehdnaelso the total
with their nore conplex circuit, paths and nultiple i
Capaﬁltﬁweercfvé i e sty 410%@#105@8%}9 FBTOL $'S e sppeRyand drain
nodes) BHEY hE PreBBafge Volthde 1§ PO FH! fhdin thd\Qibkithle W IRIRARE of the
al so be noreeasily and nore uniformy optimzed for
intringicdégpdasri ng and mi ni num di sturb. The boosted tub
progranmm ng approach al so establishes a nore uniform
and Aftaithe chinareisedf the flbitngsgatd ngsiodr thémardyi dells githe serial strings
nor ells. r rdl ess of their indvidual progranmed
are pigEiReeed. ERIFG V R GAZCERDEUbsie B 2t 1OV G S e Spne e, 2
high gdi*@%ﬂ%?&%ﬂﬂg ViltaSP R RlabBheddn!the RORBLATIIONG the NN floating
architecture Flash nenory with a boosted tub
gate mperoefyaniis 2032 appa behipass veltage issestablisheddn the Jordlinesi2d 8 @f the

non-spa B8Rl Bls RITAPCO 10 sosRl B oo REB T  nes

AdditZB 11N gropeaint @oltigeeor20praannankiel” veltidaeasseiestkeds established
serial strings of floating gate nennré cells 204.

on theApiflizes 0% ¢ansectedria thy seriphennpgigd simes 80 eentaiping thepioating gate

| i i i , ' .
e RO 8ol TPARG MR Yoyl g sl
gate Hapditchatging iz Rbchargesit chanined bf thei selpctddisedes conhdeted strings 204 and

aton RS By P, e E b Sy 068 BBt ELd R progam.
inhibit” bitline voltage places the drain select gate 212 in an off state and traps the precharged
carriers in the channel of the selected serial string of floating gate memory cells 204 allowing
them to capacitively couple upwards in voltage and prevent programming of the floating gate
memory cells 202 of the selected serial string 204. The gate programming voltage on the
selected memory cells 202 then programs the selected floating gate memory cells 202 of the

serial string 204 to either a programmed state or an inhibited state (logical "0" or a logical
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through the intrinsic diodes (not shown) fornmed in
each floating gate transistor 202 by the junction of

wao b@spzasoce and drain N+ diffusions and the P POpEs2004/030014
substrate tub 252. The voltage seen at each floating
gate transistor 202 (the suldétrate tub 252 precharge
voltage, |l ess a diode drop) precharges a channel of

nwqn A I .1
1), &%{e{ﬁliégftn %ré ;ﬁ@g 331#189#0% ?xﬁlg%%'{/%f%eﬁa%ﬁ% o %ltetr%émected bitlines
208. precharge voltage less a diode drop will be affected

by capacitive coupling and so will be reduced by the

coupFigng 5 shbive wivefdrenscIt@nitel NAND Piasi &thitectiad ﬂ@hﬁrﬁ%‘?a@e
due to the intrinsic diode depletion region, contro

memoyy agay Hiabegsizd iabreramaniag ABHALIN with @Fogrea apd pesigsang inhibit
|
vl 78Ry DRIVISGD LA, Sl L) B S B e

prechaﬂgo@thrmghghd:le sounmedirah orellnetrinsiy diedes $)ycaf5\t ’m@lt@e 1502.bn the

s 00 2SS o G BB 0 i

lect8@biaPEBAESI0N SN dedtte hSnB s} &l Iz@b%ﬂe ReddNBt d
SeecI|ne1210 %f t he sel ected fl oaf#ngsgate n%ry (W%ﬂ%blnqm ance

mode 2qap aberedstopiipvphe §+\Sob$twg®tu|bs25§$lr@dhhrgh@ﬁagm lash e digde drop, to

o235 5508 2008835, Tl 30 SRR W ptcson o

bitlinddiBtand BAUrtyline R0O goRBCtedab ftlﬁ%lééfedﬁkefiﬁlréﬁﬂ{% o4 B ﬂbhﬁng gate
voltage, as is desired, is established on the bitlines

memopp gellsoiffe dthe flopging os lasi pliage hithinet 2@tansk sonrrg ing 646 that are not
drive&%@hﬁﬁlﬂ%]lﬁr Rﬁvfeh %ﬂgbv'}gr E@h@e OEIER! ?(?lgaglé | fraap 3evgces ?&ﬁteh smaller

progr anme gram I ne vo urns on
dev1ce£ifeatume siedsda thegaitmleZdrﬂ sotrcedmerogiicaigryt Becode echdtrgend any
hannel . of the selected series connected strings 204
SUPPORH@ PR ng the sel ect ed floating gate menory cells
202 to be programmed. A "programnhibit"” bitline
vol t2g¥opInde dizige . it Hiebostpe it RiagiaMing Pperatiopflie drain select

gates §%23£r@ tlﬁﬂéej(? &4 9? A g%q@)%r %gﬂ cff%rtfxé 8{a§n é@ec‘i Egte %Qfﬁp(ﬁef ne 214,

he s ecte serla stri
allowipglthesbiflié valthgenb O td treconnected paibie tseleetkd sﬁ‘msl pbmdami@trdgs 204

o 8, TP e PR AT el By AREL R 512 optid

to the 86kce Jet ?Qt% RoRIr8NHA ™ ) ol AinbaBes 8% \;cnl% s56¢ tﬁg source line
menory |'s 202 then prograns the selec ed floating

206 frgmthe F@@We@% conipedoringss2Ode rAltenasivel yntp &Breasothe possibility

[ o st at r an bi t ed s
of pufh U Ehefa RO T b bl ied eaf 216, Boicits 1K St are
turnedlfrdgsr ANV eoltpfed§I@appliRditd e s6atdeagR P AC €sht@N1ihd1218, allowing the
nnected bitlines 208. Figure 5 shows waveforns 500

4.5V yiftage heicouReaiPd i Pecelsried PeRSICORRECRE Sringsidkdyfrom the source
line 264, "Phe \Jv&d% O9$H o tike L@%ﬂ%&lg%ﬁ@%rﬁ&yoc%ﬁg 3h3 SPmMsdbs connected

program and programin
strings 204 are kept at 0V.522 or placed in a high impedance mode and allowed to float 520.

The 5V precharge voltage 502 applied to the substrate tub 252 flows through the intrinsic
diodes (not shown) formed in each floating gate transistor 202 between the channel, source
well, and drain well and the substrate tub 252. The voltage seen at each floating gate
transistor 202 (the substrate tub 252 precharge voltage less a diode drop) precharges a

channel of carriers in the floating gate transistor 202. It is noted that the intrinsic diodes of
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voltages. In Figure 5 the NAND architecture floating
gate cell 202 series strings 204 are precharged
W koosgsot hei r source/drain well intrinsic di oPEBUR004H030014
5V vol tage 502 on the substrate tub 252. At the sane
time, the bitlines 208 and ddurce |ine 206 connect ed
to the sel ected serlal strings 204 o f floating gate
r I ' ' e de
e s ™4 o b e e el RSRENG e TRl (o e
retainpd scthe chennad laftexibe preehsrga vdltagas timagvedt 0 appr oxi mat el y
4.5V 504, 506. Alternatively, a voltage of 4.5V 504,
506 Asthdeibpirate @b 252 prochddid valrags o298 5800s BAEEaH iftHbesubstrate

tubzéocgﬁonnec gd o the selected serial strings 204 o
F“E%esgstal e? RIegragIming VOH—‘*F@ of128%t 3 1%gs eppliedwn the word
lines Y1 faBesBlebibl ABGtiRD n%t?ﬂ%gfﬁ?%E&Ea% f% l{ﬁ%@ hrgl{a%e PP fovsis

driven or are m ni en
is appligghow Blet wged ias@lDtof dmmanwlewteﬁhlc&nag lete nateNGre @ells 202 of the

e S, JHAGER AR bR S S bb e e

"prog@ainl"Glélth ¥ of OF SEQMT tdgrd:ﬂl—%}ﬁ@it 5volﬂa§e bPgch %’@fs%gt %lﬁlﬂed on the
ramm ng oper ation, the drain select gat es

bitlings 208 é@nlé?f?t%iltoéhv wrt%@énmdeﬁytngSé’@M ghe rveltageaﬂmé oh ¢t

conne g%ﬂﬁg eﬁ(géolﬁlndé)c e%g[{ aII §Ia thea'gllgg"il!’ego rﬁ’tg(?gé 16 traps

the prethniged s afets inf thechigheb bt ihb Re8ctéd Serial BRINEO POL 61 (ﬁﬁﬂhﬁl"gfes them
d hgat es 216 are turned off by a OV voltage 512 appli€ed
and thily PROgEAIGR, H}eéél%@ldé&atlgagéte@éﬁww cell§ 2 tprdther asprpgrammed state

or an ifnﬁﬁ)lté'd %tygbéléﬁe'oﬁgﬁa%glé ource |ine 206 fromthe
sel ected serfes connecte ings 204. Alternatively,

to (T f t hr ou h da
e ESRIBRULIE, PTG q%tea B £ Rt or e
presenp iryeatien shswee th EllgutbyS ahe/mcts@geuwsvrv@lm@isdzqs fréiﬁov%e Yhgfly after
ntrol line 218, allowng the 4

the hli“oﬁ efes ég%’gm% gy olagmetd wyl the gath @rcgém@@ﬁw@‘é worksline voltage
516 aré @ﬂ'}l%t secrsinht ORI l%%“w;lllr ggg Haye aﬁgﬂgcrgaéheﬁ ?ip%rgﬁma?—eggiV or6V.

word |ines 210 of ating menor
This abews foe betei ewipling Imédtee;de@targedg:haﬂﬁﬂtcalﬂle pk@ﬁimﬂﬂing@éltﬁé’e%

d
B TN N
tub voBangiﬂzabﬁd thdhidné \fo!ltﬁg& 52l21r U0 JuR ehdbbbitiskCotdhe &nt

(not shown @?l]lforms in each floating gate transi st
mven@ezn%'e‘fw opmee for diffrsing apdirizasione Ithe Iandladgeavaluewahd inhibit
h dijtshe substrate tub 252. The voltage seen at each
© aracféfl étsl ng gate transi stor 202 (the substrate tub 252

re ess a diade d rech es a .
Chaser e BACohE o fpintng 1p tar%)lap S SHdmg e possible

and sha&fld be hpplaﬁ:nﬂﬂir%oété@&uﬂsﬁ@tdsﬁﬁﬁﬂa&sﬂuﬁ NARBESciffedilrd M&sh
channel , source, and drain allow the precharge voltage

progr. a@ﬁan@ Brshed anfl myrarehodimanis ef the présentrigveritivedos thoserskilled in the
art with BRBRERRDE B difGoRf&char ge vol tage is removed.

CONCLUSION
A boosted substrate tub/substrate floating gate memory cell programming process
has been described that applies a voltage to the substrate or substrate “tub” of a NAND Flash

memory array to precharge a channel of carriers within the floating gate memory cells prior
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15

As the substrate tub 252 precharge vol tage of 502is

| onered and the substrate tub 252 di scharges 514, a
wohe@h/ogabe programi ng vol tage of 20V 516 is ap@l/Usmog030014

the word lines 210 of the selected floating gate

menory cells 202 and a high I®ass voltage of 10V 518 is

applied on the mord lines 210 of the non-sel ected

to apfﬂtyﬁ%ta\! Hi8h 8§tE br %ltasgg%g %ﬁ %até BEmg ‘§g1?&5%ﬁ8£}g1%§}a{% memory

rrngs 2 n|n or "a

cells tanld‘rmuphhg a @E@raracbr ppcb grgmalrrh1bvta}dltagcetoqfro EMnBR6 s€lécted floating gate
]% ﬁ}lnhlg g% volégge of Vcc 524 is established on

mempiyes] i JEeS g he Ymebs bopsied R oraEImBiNE apFRAEh ARpids the

requiSdnidnP et @04itliddhande} A8 Hﬁ@&%l%ﬁfgﬁ & f ARNER TP ash array be able
bitlines 208 in conbination wth gate programm

to withstapd gecasfy lzglvvem@gqs rdapsg pmrpmnm@o@eﬂoatmgrgamrmemmy cells and

f t ed | st
o DRt B L B0 BBt BPBe 0 . T
allowk IﬂmaNAN® BatiemeBity Wrre g td Be dédoried vaiH d?@emeac@é&tgdeafgﬁ?%d/or
state . or an inhibited state (logical "0" or a | ogical

smaller ojcuit featyrg clpapes.t hhae bpestadab mmynamrg appeeaghalsplalletvs

genelgﬁ%'lpmgfyai Igr@Fl g rcq{%ﬂgl' tﬁ?ﬂ% 8%% %??SP%)? g}di[ nn\{%%télinofgrm nature.

\r/gln?éggo‘géfg‘ggé& t ébo g{l gp%‘lf elbﬂf%réﬁé \ﬁgscppi:dsgerem it will

be appetiarddyIidsear erdippyi el irSte Brtttﬁzﬁtany\@frgnér t bh(a{ ifs%gféﬁlated to
haye al ready reached approxi mately hi s al
achieyg,the gape BFYPB%FJB?WP@ sgbstitpied frrdbe awegéu: nkadiments SthWne Many
I r
odap B P U el PR o BREER hold of ol tut b 4
Accotdtrrglgul}ns tlppiiccatlblu ths mnértda@eo EB2r ampaddphgiohs bt vaRtions of the
; r es Sﬁ% 526 &%V£th r .enbodi nents of the present
nven ﬂ’\lle BARfRSHY ey Bdnyetiogibedisptedpngpby the fellgwing
claim®fnd &pivISE@EGSrval ues and inhibit characteristics.
It is also noted that other programm ng voltage |evels
and sequences are possible and shoul d be apparent for
boost ed substrate/substrate tub NAND architecture
Fl ash progranm ng nethod and array enbodi nents of the
present invention for those skilled in the art with
the benefit of this disclosure. CONCLUSI ON A boosted
substrate tub/substrate floating gate nenory cel
progranmm ng process has been described that applies a
voltage to the substrate or substrate "tub" of a NAND
Fl ash nenory array to precharge a channel of carriers
within the floating gate nmenory cells priorl8 to
appl ying a high gate progranm ng voltage to the gate
of the selected floating gate nenory
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cell's and coupling a program or programinhibit
voltage to programthe selected floating gate nenory

weeiospz90ns desired. The use of a boosted tub PCT/US2004/030014

progranmm ng approach avoids the requirenent that the
bitline and/or source line ci%cuit design of the NAND
Fl ash array be able to withstand or carry high

Whati®blggepiduri ng progranm ng of a floating gate nmenory

cells and allows reuse of the bl ock erase high voltage
circuits connected to the substrate tub. This all ows
ash nmenor arrtﬂg to be designed,v,vith

th ’éIAN%C Fé ¢ | )

s O o RFFRUNG AP f‘?ﬁmcgyr&ﬂ'l‘é? UPPERE: feature
elcoiBitics a pldtRafeasliget di'PsubsRaeMBHNONARD 92hfle @S themory
al | ows generation of a precharge channel that 1s

easi | y aasjyfraatnalighef dgatiag gaicenemory oells, vdtewie the plurality of

Al t hou ¢l fi odirent s_have been il ustrated

and degg?ﬁﬁggakee@%ﬁggg Cldelt1 lrsr%q Cfouglge\c/lélbﬁpgjé‘iﬂgy 458§ 8 hose
ofcoopldighapyterodraminiing heltietio theatateaddtia RIAATRITBAL gith Bemory
is calculated to achieve the samne purpose may be

subst | ﬁ‘ﬂlég Aol SttiRg o5 paelpsted n‘é‘ﬁ}é@dlfﬁﬁﬁ]lgg aifown. Many
L

appl i caachntring df theesetketed minttey of steinys. adapt at i ons or
variations of the invention. It is manifestly intended

that this invention be limted only by the foll ow ng

C ITaik et BOE oL ElHInY 3] ®ALRint E h@l@fvoﬂaﬁle\%ﬁhoﬂg;de%c%'im% dfS'Flash

. A nethod of operating a non-volatile nory device

c &rg5Rry ideyicecad plHERR @Vbmewhyr dviogol t age on a

substrate tub of a NAND architecture nenory array of a
plurality of floating gate nenory cells, wherein the

pMhe adeithyd of clhindaf Whgte@ahe gife Pesramilid SvifaBe GOMMRF &ALy 20V.
a plurality of strings; coupling a gate progranmm ng
voltage to the gate of a selected floating gate nenory
B A R R L S s
programinhibit voltage to a channel of each string of

t sel.ected .nunber, of. sfrings. 2. The nmethod of claim
1%%5}%?4105 Hem v i pinthy pr VOltage Vs SRProXmatly gpupd and the
Fb@mmmﬁiggﬂrgﬁmnggEPRdw menory device. 3. The

net hod of claim™l, wherein the gate progranm ng

vol tage is approximately 20V. 4. The nethod of claim

1Thm%{*ﬁ%%0%¢]%gfi%ﬁ%§ ge v?{g%a e is approximtely . 5.

The et ai'm "the programvoltage is
appupding repak yoligelto @hagiied dfone or more non-selected floating gate memory

cells of each string of the selected number of strings.

The method of claim 6, wherein the pass voltage level is approximately 10V.

The method of claim 1, wherein coupling the precharge voltage on the substrate tub
and coupling the gate programming voltage to the gate of the selected floating gate
memory cell of each string of the selected number of strings, further comprises
coupling the precharge voltage on the substrate tub and coupling the gate
programming voltage to the gate of the selected floating gate memory cell of each

string of the selected number of strings after uncoupling the precharge voltage.
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programinhibit is approximately Vcc. 6. The nethod of
claim1, further conprising: coupling a pass voltage

W@ eooskz9sgat es of one or nore non-sel ected fl oapCTySIYad/e30014

10.

11.

12.

13.

menory cells of each string of the sel ected nunber of
strings. 7. The nethod of clZi m 6, wherein the pass
voltage level is approximately 10V. 8. The net hod of
claim1, wherein coupling the precharge voltage on the
substrate tub and coupling the gate progranmm ng

v dllicagethdd of blirgdt ehefeid benplieg det gecHat@atoltage @adhe substrate tub
menory cell of each string of the sel ected nunber of

standcgepling herate RomsrIRiag Veligs tPike gaieoiihe sslegtedfloating gate
VOhigs oM J8cl YRk R R ste}éketea'?ﬁ!m?)%? Eileétlglg%SE Hﬁ“thgla&ﬁnprises

progra ng voltageto the gate o ef ecte

f | @aplingthggirechaegrovoltage bh thef substodte sibrand gowdlinighbe gate

sel ect ed .nunber of strin after oupling the

o rEFARGU RGP iagtosBe Gate P e selerisd HpRiag sitamemoppeslighpach
COitphd dThE RElcPE8 GAbELON @i ARG uh&lﬁltpﬁﬁg e @atdeRoltage.

and coupling the gate progranm ng voltagé to the gate
of the selected floating gate nmenory cell of each

st fﬂenrgetﬁéd to? glaﬁrgl 1€ %ﬁ]ﬁlgeirgérjoglb ﬁé}% g}tée p\s;r%?rliag%:\fo&t%g{ (%Igt%% substrate tub

conprises coupling

S uEtcoiling the gatdprogtapirhing vbhigzegatiee %Ht@@f {BBBd18ded floating gate
voltage to the gate of the selected floatin ate )
neReEgY el of sacl slgime of therglested iymbee plestipgs, egonggrises

St f ] r :

TS R bS Br Dot OR IR RERE A8 ikt gl
vahrbgigeming tvolagutoshe gate of the saledted dloptinggaté hengay eell of each

]P {sgrg{ga(?ghg gflel\égtlﬁé 38&&;)%18@1 s{gr? aafg dl%f:%l{f{fi?lﬁ zheeijgg%q%gge volt.age after the
S edaBCHrB kMR vlags hid Rehed aUElcBRE vORIRERES Coupl i ng

t he precharge voltage on the substrate tub and

coupling the gate programmi ng voltage to the gate of

or Hienie 88 BF el e 435 B TG G 1% G D ming

prethgslgecvel dppaskimhtedy SVhe gate progranmi ng vol t age
has reached a selected voltage |level. 11. The nethod
of claim 10, wherein the selected voltage level is a

g a0 1V - | :
oI RUASE BTN 1 AhbRGP NSy SouABY PR Ohad¥or o program
c dujpbit mgltaggrocgclanmelaifteaciestaing af {heagleetnd ntinbértof\stingadether

to a channel ofleach.striqgﬁ$f the sel ected nugger ?f
STPOTRGESS THIWEPLYCHIBINS & BT piiRas §F 2sRprmsghiit voltage to a
PrpgARIGY BAdAGEN O bf fheREREEE RhnBYY &Y stridRliBGh 4 Bradh select gate

transistor.

The method of claim 1, wherein selectively coupling a program voltage or a program-
inhibit voltage to a channel of each string of the selected number of strings further
comprises selectively coupling a program voltage or a program-inhibit voltage to a
channel of each string of the selected number of strings when the gate programming
voltage is coupled to the gate of the selected floating gate memory cell of each string

of the selected number of strings.
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14.

15.

16.

17.

18.

19.

channel of each string of the sel ected nunber of
strings through a drain select gate transistor. 13.

wab@soetshod of claim 1, wherein selectively coR@i/USIP0£030014

program vol tage or a program nhibit voltage to a
channel of each string of the sel ected nunber of
strings further conprises sel ectively coupling a

ChERREmaforedif Eovitngnaneaeheciualibe s ofscd or o progran:

Sfﬂhtmwouﬂg% Ro hRBAGR 6f RIcAYEAHIEIMEE ABictadfiniter 608tah & urther
to the gate of the selected floating gate nenory cel

Ocommssfﬂem@elmﬁowmmgsaepregna@dvqm% era Blfogm-ilrﬁ)g it paltage to a
of claiml ele
g{}& ﬁtﬁ% 1t El?)gtdp% gate 8}6@@% c\elyr &f & eac o‘f& !l te\;lo é)are of

tgnagghannel of each strlng of the selected nunber of

strings further conprises selectively coupling a
program vol tage or a prograntlnhlblt voltage to a

g{rﬁé Hle?ﬂ?cf"ct)% l&ﬁ{ fxltl?e% ng%zﬁu lﬁlté% élrcgft ef'éi‘ﬁéﬁts are used in

e se ect ed er o str
n&thqﬂedbnhh@cmmﬁtmmhﬁwmphdsnmhbhheaﬁune IOM/voItage
circuit elements are used in a coupled bitline circuit
and a coupled source line circuit. 16. The nethod of

Cirgé Hie%ﬁod ¥Nasial 15, R GRUR &ﬂpﬁﬁtﬂlﬂhﬁg ciebuiChista de@SdeR or a
decoder or a nulti’plexer. 17. A method of operating a

nondtydéstn | e nenory device conprising: generating a
channel of carriers in a selected plurality of
floating gate nenory cells of a nenory array, where

t PEmBMBNAIAf opelatifig amen SOl mbrpddtider cdbipiingf strings
by: placing a precharge vol tage on a substrate tub

t Bereratsng o ohineg! elrapmiss bl %eairplasﬁh%?fdl%tlag BaigrnsypPry cells of
| ect |
nunber Sareepibg. BBk ERROF Eols o oBph RS pittalty of strings

fromtbs: substrate tub, placing a gate progranning

vol tage_on the contro gate of _.the s cted flo

gat e mBRSEE & RIechyee VAlAZEOnAUbE 4t H’%etﬁatdf C%‘tﬂl?cﬁtj’éﬂegmemory
and selectlwg}? pl@cing a programvoltage or a
programinhibi T voltage on a bitline coupled to a a

c bengrashnohg e aclhctsd Floaigngogate imemorey eadh @fch 59 mugfber of strings by:

strings removing the precharge voltage from the substrate tub,

placing a gate programming voltage on the control gate of the selected floating
gate memory cell of the selected number of strings, and
selectively placing a program voltage or a program-inhibit voltage on a bitline

coupled to a a channel of each string of the selected number of strings.

The method of claim 17, wherein the non-volatile memory device is one of a Flash

memory device and a EEPROM memory device.

The method of claim 17, further comprising:
placing a plurality of word lines coupled to a plurality of control gates of the selected

plurality of memory cells in a high impedance state.
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18. The nmethod of claim 17, wherein the non-volatile
nmenory device is one of a Flash nenory device and a

WEERR@Msnenory device. 19. The net hod of cl ai nPAPS2004/030014

20.

21.

22.

23.

24.

25.

26.

27.

further conprising: placing a plurality of word |ines
coupled to aplurality of ca#trol gates of the
selected plurality of nmenory cells in a high inpedance
st of claim 17, further
co%%?n%ﬁm%CﬁCPnglﬁghgggfc?%@?¥§gof bitlines coupled to
t hplapingragdlutalityodf tidlined@sipied ta iy lﬁhraﬂﬂpﬁl‘é&ﬁfg@ i54 Big@ impedance
21. The nethod of claim 17, further conprising:
pl aci ngSte- | east one source |ine coupled to the
plurality of strings in a high inpedance state. 22.
The method of claim 17, further conprising: placing
apﬁhoxmﬂmﬂ&ﬂymmnﬂv,ﬁnﬂmtc@n@ﬁﬁn@ne source line coupled

0 of .. 23, The method of cla
ooplagiienb st Spie B Foibioribabs PRTaNy s shesiin  Sietgmpedance
source kihfae coupled to the plurality of strings
further conprises placing 4.5V on at | east one source
line coupled to the plurality of strings through a

pl¥B@hmg¥ﬁ(ﬁfﬁﬁﬁﬁgep%%?{%%gte transi stors coupled to a

source nal 5¥%gnennry cell of each

st platigg @pproRBnfblyr4a V bl ableadiloht B@Sce Bhe co-ﬁb%dm@iﬂé%rﬁﬁty of
claim 17, further conprising: placing approximtely

Vcc on Hfilgkast one source |ine coupled to the

plurality of strings. 25. The nmethod of claim 24,

wherein Vcc is one of 3.3V and .8V. 26. The nethod of

c| hemethod wifi elagin 22 pwhgremmho’igg apprekiatitetyl4 Vaat dt kgisigategource

mepory cell of ed number of strings, further

ﬁ%’r dogpled Bitheck H@? %‘é%%naﬁcfpft%@réompnﬁwlw 4oV cwragdpast one
f | QfcdNtheQRuBleH® f
st oo e 5_?he@gfe6¥pﬁ%giﬂgfsofgﬁgﬁglr§n%§éﬁ§%r fhif @ﬁgfc% line gate
paansistirs goeplehto dsvunesisdinat fleatifg gred mmgograieﬂ Orﬁeardlrs}rrmg of

cehe%hugp&h§suconprlses pl aci ng an approxi mately 10V
pass *vo

The method of claim 17, further comprising:
placing approximately Vcc on at least one source line coupled to the plurality of

strings.
The method of claim 24, wherein Vcc is one of 3.3V and 1.8V.

The method of claim 17, wherein programming a selected floating gate memory cell
of a selected number of strings, further comprises:
placing a pass voltage on the non-selected floating gate memory cells of the selected

number of strings.

The method of claim 26, wherein placing a pass voltage on the non-selected floating
gate memory cells further comprises placing an approximately 10V pass voltage on

the non-selected floating gate memory cells.
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the non-selected floating gate nenory cells.23 28. The
nmet hod of claim 17, wherein programm ng a sel ected

WO b@anzasgl gat e menory cell of a sel ected nunmbePCD1S2004/030014

28.

29.

30.

31.

32.

33.

strings by placing a gate progranm ng voltage on the
control gate of the selected23loating gate nenory cel
further conprises programm ng a selected floating gate

|l . I 2 . of strj l.aci n
i T e A
costt 4 sdleq@ed rurbbertdTatritds @9 tpeadifg Dgdié PO gBRIBINEBFRAYe on the control
cell. 29. The nethod of claim17 erein generating. a

c hEHR of thsrselegted; flnaging gatg macmmery cel fiyther spmpyysesprogramming a
{1 Qatdngngal " Ve Rl AT Folaci
Vo O R R o o e P B il B AR Hptacing an
geapgrakimuiel g 20Nagateprogfanoming iveltsge on the sedted tge@ of the selected
plurality of floating gate nenory cells by placing an
ad%?%%} %F?nﬁwyﬁﬂgcharge vol tage on a substrate tub
30. The nethod of claim 17, wherein programmng a

sel ected floating gate nmenory cell of a selected
nubipe medfodgifclaigs] hywheemm génsrpting @ gheensh af cperienslin agelected

i b f TDr | ' h
0 5 P BRIk g KRS AR BER GPTR 0 M
s abBduHehifRises bk dtiio dhidbnel Of tafers in a tl6ctB® plveditpbf

claim17, wherein programm ng a selected floating gate
neERDMNSEG MemOzY selisdit Rlacing henprotimetely fY prapparge voltage on a
I emNiRg hie precharge voltage fromthe substrate tub
further conprises renoving the precharge voltage and
groundi ng the substrate tub. 32. The method of claim

17.. wher.ei n progr ing.a selected floati ate

mehfas fpethadiof Slaily e PuEraPREHBERg R seioricA gbaiige sate memory cell
I &JT0¥ sedMttd b & TRk s b9 idd&ing IR Prédharse Wk EEm!thDsubstrate
further conprises renoving the precharge voltage from

t Hebdutberrcemprisahreaiavang the arichgrge eltagatand priogingrting swpstrate tub
val.ta n the control gate of the selected floating

gaf) & %z CI?ed %{na%'ﬁ%%sgfﬁeﬁ v@agg.l aim 32, wherein

renmovi ng the precharge voltage fromthe substrate tub

after placing the gate progranmm ng voltage on the

c ottrg Brethgdad Claim Iye whierei programipiag iarsglegige dloaing gate memory cell

P et NGie o | g ' f
B AES Rb hd DEHRUAE ot
r eablfesha coalpeistetnwolingihe pteeligie 241t34.and lgeoundingatle afbstrate tub.
claim 33, wherein the selected voltage |evel of the
gate progranmm ng

The method of claim 17, wherein programming a selected floating gate memory cell

of a selected number of strings by removing the precharge voltage from the substrate
tub further comprises removing the precharge voltage from the substrate tub after
placing the gate programming voltage on the control gate of the selected floating gate
cell.

The method of claim 32, wherein removing the precharge voltage from the substrate
tub after placing the gate programming voltage on the control gate of the selected
floating gate cell further comprises removing the precharge voltage from the substrate

tub after the gate programming voltage reaches a selected voltage level.
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vol tage is approximtely 5V. 35. The nethod of claim
17, wherein progranm ng a selected floating gate

woreowseel | of a sel ected nunber of strings bRCT/US2004/030014

34. v

35.

36.

37.

38.

39.

40.

renovi ng the precharge voltage fromthe substrate tub
further conprises renoving t® precharge voltage from
the substrate tub before pI acing the gate progranmm ng

LR B L S N R R —

er asRagel ik approx @R 9. t 0 the substrate tub gener at es
the precharge voltage. 37. The nethod of claim17,

wherein |ow voltage circuit elements are used in a

g??@h %%ﬂp%&{ J,gxaqmclt g}clilkltefr?%&%gg r arm‘? a%@e&%ﬁ%&iﬁg dife memory cell

ar ohia kelettad euhbaalfistingg dy eelﬁm'mg yletpeécha@é Wb]u@e frorn the substrate

r rechar gi ng apnel of carri
é‘F‘(l?Fﬁg ‘f%‘gﬁf{ff‘%’@ﬂ%‘t& ‘ﬁ@ yersnknsy roat § e§t1‘?~°1“ﬁbe tub before
PJChl%Qh@ ?%g’?ﬁrﬁﬂﬁ@%lﬁge ¥R kﬂe%ﬁtr&l%tatertﬁf 8 d foating gate
ected f I Nng gate nenory cel he string;
coupilll ng a h| gh pass voltage to the gates one or nore
non-sel ected floating gate nenory cells of the string;
and selectively coupling a programvoltage or a
Pr qBE amthsth b fIldimVIol, taeRir fh &ash@rirco@fled ©6ahS Suibsiste tub
39. The nethod of claim 38, wherein precharging a
ché&prrantepthepagchpgegoltage he NAND architecture floating
gate nmenory cell string further conprises precharging
a channel of carriers in the NAND architecture
f | Ght irr[t@jhcgﬂif&:ldrmmﬂr wheelil losit voltage bycuitalgahdntgara used in a coupled
SE e vol t age to froma substrate tub. 40. The
nePHowe fCUél]aél{irﬁC@gP edaeies Hips M ar gi ng a channel of
carriers in the NAND architecture floating gate nenory
cell string and coupling a gate progranm ng25 voltage
t 0 A inethgd o€ poigranmaigecNAND hohitéchyge fastmgrgatomymost delletring
the stri.ng, further conprises precharging a channel of
caffrepgn gn the NAND architecture floating gate nenory
Ceplechirginpth éHafing Q¥ PArkiBE i tRANANDY A6KifIHE HoMBg AdembRory cell

the gate of a selected
string;

coupling a gate programming voltage to the gate of a selected floating gate memory
cell of the string;

coupling a high pass voltage to the gates one or more non-selected floating gate
memory cells of the string; and

selectively coupling a program voltage or a program-inhibit voltage to a channel of

the string.

The method of claim 38, wherein precharging a channel of carriers in the NAND
architecture floating gate memory cell string further comprises precharging a channel
of carriers in the NAND architecture floating gate memory cell string by coupling a

precharge voltage to from a substrate tub.

The method of claim 38, wherein precharging a channel of carriers in the NAND

architecture floating gate memory cell string and coupling a gate programming
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41.

42.

43.

44,

floating gate nenory cell of the string after
uncoupling the precharge voltage. 41. The nethod of

w@b@seB8; wherein precharging a channel of carPCT/E8204/680014

the NAND architecture floating gate nenory cell string
and coupling a gate progran?ing voltage to the gate of
a selected floating gate nenory cell of the string,
fur her ris rechargin channel of. carriers |n

i 87 B LR sdlr B iR R R SOy i g
art@n;p@wd préghadeif@h EhAheIsfaaFiendin\tBe N@QeDtaﬁbhttB@u@atoau@g gate
a selected floating gate nenory cell of the string
benpery il slipngiang ce 1qgraé@|kﬁanrgéramnnag@ltagszto thergate of a selected

e R PP SR PRSP L6 e
stri ng and coupling a gate progranm ng voltage to the
te of a_ selected floatlng gat e rrem)r% cell, of the

St fiergethed,pt Hapr b piered BrephaA g R AGTARICA OE FREFFS N the NAND
C @fréﬂlf‘cﬁt%ré ﬂoattfﬂg g%%ﬁ%rﬁﬁxgt}%ﬁ §fﬁtng fafid fcb@ﬁlw%agégr% g At t

cell string an a gat & progra
t h@ltggﬁ ® thé gate obh edeael] floadmgigny Igfaneryrmﬁmf yhecstding, &ifrther

th { th |t t
L RO e TP aareiNaf ARG T 4G Shae The NAHER o i lonfine eat
Vahéaas deB\@ing #hd coﬂﬂl&g@a’i@ﬂo@ﬁnﬂuﬁ RoRSae t0RRS &kdof a selected

sel ectively coupling program vol tage or a

pritagtingnshte maspary gell pﬁ@é strimgdetonanpesupbing theerechpigagoltage.
further conprises selectively coupling a program
voltage or a programinhibit voltage to a channel of

t MEhesthéthod ofidigim 38)@regahugindr dhanialiof garvietstiagiee NAND architecture
coupled to the gate of the selected floating gate

netBFpe gaeimesrory el siring apd complinga gaterRsasiamuyps yolisrihie sate
a r
o e A S TRl hlpr & eharging o
s whsted becdrribrs o theeANBNIlatectord Bodtingezaememy:yaieH atyl,n g and

DG § 25 RGP g e RENEYR ole FAEGH GG o3 romory

cQenlog %Mgcgldt@lcgﬁ;ﬁin@ thé‘;gx@cl&'r @duatgy aftbr thé GhtB Pfogramming
appl ying a préq?ramﬂ age to a sSelected floating

atottageehasirpached p seectedieditage levaly26 of a sel ect ed nunber
of strings; applying a pass voltage to one or nore
non-sel ected floating gate nenory cells of each string
ofTHehgethed etdlsich 38)vhefeinel&dtivelygdiplavifia program voltage or a

program-inhibit voltage to a channel of the string, further comprises selectively
coupling a program voltage or a program-inhibit voltage to a channel of the string
when the gate programming voltage is coupled to the gate of the selected floating gate

memory cell of the string.

A method of programming a NAND architecture floating gate memory cell array

comprising:

applying a precharge voltage to a substrate tub of the NAND architecture memory
array, wherein the NAND architecture memory array contains a plurality of
floating gate memory cells serially coupled source to drain in a plurality of
strings;

applying a programming voltage to a selected floating gate memory cell of each string
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sel ectively applying a programvoltage to a drain of a
channel of each string of the selected nunber of

wa@reosngsnl 45. The net hod of claim44, wherei n PCT/US2004/030014

45.

46.

47.

48.

sel ectively applying a programvoltage to a drain of a
channel of each string of thm sel ected nunber of
strings, further conprises selectively applying a
program e, or a raminhibit voltage to a

ol ta .o
drain oPyﬁsﬁﬂgﬁ%@Fmﬁ?%£§%Wg§tring of the selected
NUEBAYiInGfa pakd Vdllige tdhe A G RBA-sObctBd ASA A PaRIm@nory cells of

floating gate transistor menory cell conprising:
gener at P sirirtheffheselestedcrpmbasiof sirings; laed f | oat i ng gat e

or SSELEHS,oRBIRE i PRI e & PSRRI o

cel | i ssdlestedaumber of otdiipbs.Nng a gate progranm ng vol t age
to the floating gate transistor nmenory cell of each
string of a selected nunber of strings; and coupling a

pr | [ LAk abi it yal :
B U e T
47 a clivmelvef daokl sivifhg o diersekbtedwarber of strivers fucther cogpgiaése

transistor is.coupled in series to at .| east one .
I SEG AR PP 7 R et HOURERSY § DEQEI-IDiEDIE YolAR 9 g drain of a

devhfReCTEREN §HiRE of MeSHRSEH AhMbEUT suthgh! 0ating gate
menory cell in séries wiith at |east one additional
floating gate nmenory cell fornmed in the substrate tub

R I R

f | gaterahg@adhanie BDEtrielih theMshtiag o tafsistbRemode8dby
to a source of the floating gate nenory cell, wherein
t he mend?yPlige Rinsechpige yalipgeen 2 ehbsireie Hax the flaatenggafretransistor

the flogfi g@}fgf&%[gar .cell with a precharge voltage
on the substrtate tub and’programthe floating gate

meo@rpying algatevprogramniih@ avlicapg tg dtecflqaring paenangstviohémgs cell of
on the gate and a27 prqgram voltage or a

progr an??cﬁ?r?frﬂ?&"f\?rﬂe{eﬁﬁa%ﬂlﬁﬁer P St%’ggsé?:rtdi vely coupled to

t heoulidh A prédsFam MdGa SESRY Mogﬁ)ﬂ‘l—ﬁﬁiﬂ?tfvo@thgé ﬂg‘tﬂgcha‘l’lﬁar& kHE floating

the floating gate nenory cell is one o
gate transistor memory cell.

The method of claim 46, wherein the floating gate transistor is coupled in series to at

least one additional floating gate memory cell.

A memory device comprising:

a substrate tub;

a floating gate memory cell in series with at least one additional floating gate memory
cell formed in the substrate tub;

a word line coupled to a gate of the floating gate memory cell;

a bitline coupled to a drain of the floating gate memory cell; and

a source line coupled to a source of the floating gate memory cell, wherein the
memory device is adapted to precharge a channel in the floating gate memory
cell with a precharge voltage on the substrate tub and program the floating

gate memory cell with a floating gate programming voltage on the gate and a
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plurality of floating gate nenory cells arranged in a
menory array, where the plurality of nenory cells are

w@owwphzoi nto a plurality of strings of nmenoryPCEUE®04/030014

49.

50.

51.

52.

53.

54.

with the floating gate nenory cells in each string
serially coupled source to &ain, where a drain of a
first floating gate nenory cell of each string is

coupl ed Ll i f.a.final.

{1 oat 1 B BurL folllet o BB Ry BTN eiund if \Bhely spprieg o he
t he soudeén.l i ne. 50. The nenory device of claim49,
wherein the drain of the first floating gate nenory

cell of each string of floating gate nenory cells is
coypl af Qe\g{e?df'%la%%]l AClyneRteint ﬂ%%%éﬂé m%ﬁ%r)} &8 is one of a
source of the final floating gate nermory ce 1S

cophirdily pbileatmggrcansedyctllgaraged ans iretmory arsdy, whire the

menpry. device of claim49, erein the nmenory_device .

< PRt B0 cslh Ao Blec il A ol el D SEINGE D eGPy with
of tHelfRoatih® ahte REnGRY BelMBARAK Efdd Seriily Rohpled RIuRehB e, where a
vol tage on the substrate tub and to program a sel ected

f | depin plgp Bt Boaviamgeale eehorysell oheachtstiingis wpepled todhgbitline and a

L T L Y

programinhibit voltage that is selectively coupled to

the drain of the first floatin ate menmory cell of

t hahe BIFBRYREEIerat S, whergimiBediin GEF Best Goainega memory
49 = y : . '
roct e D S TRIRI L 5 LR UL P
cetrhssisydr adsl otoedf sher fimyg) flohtirfd gaat megogatad! imeoapiad to a source
cells. 53. The menory device of claim48, wherein the

me oS SAEIARYSIPE adapted to renove the precharge

vol tage of the substrate tub before programm ng the
floating gate nmenory cell by asserting the gate

pr be mermongdsridetcd glaimS; wherghtthe msthary deyiecoigadanted to precharge

5. R 5P Bl 89 S e YR i Rele Rl s

devolereion tikapstede tub ané ®p®gtdnea peleabaflginsalaterdiéméy cell of
theﬁpsubstr,ate tub after asserting the %te progr anm ng
volbesgareoridipthe igate papsramping viitage 81 thegalork thy selented fheating gate
or Cahi it ] .

P SRR g pr B bR pp ool Bk PHIGEE AL dfecively
c| eduplesi4p thehdrnigiof thehfarsnoating gaevhasoriyseH dé feasdlettod string.
renmove the precharge voltage of the substrate tub

after the gate programm ng vol tage has been asserted

ONThdRefRELIATE of QRENSY, Rh&BInaRE BEmOPY HAEE: & a¥%ted to couple a

pass voltage to the unselected floating gate memory cells of a selected string of

floating gate memory cells.

The memory device of claim 48, wherein the memory device is adapted to remove the
precharge voltage of the substrate tub before programming the floating gate memory
cell by asserting the gate programming voltage on the gate and the program voltage or

the program-inhibit voltage to the drain.

The memory device of claim 48, wherein the memory device is adapted to remove the

precharge voltage of the substrate tub after asserting the gate programming voltage on
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56. The nenory device of claim48, wherein the nenory
device is a non-volatile nenory device. 57. A Flash

wOoreewsg9sadevi ce conprising: a NAND ar chi t ect ur ePCEDB2094/030014

55.

56.

57.

58.

array fornmed on at |east one substrate tub having a
plurality of floating gate &&nory cells arranged in

rows and colums and coupled into a plurality of

St ] ; I |t [ : ' h [
e B and R bl e BRAEploe DR ot NP el BRGR PR

f | magiangthe dbatinpegae yeawky &ll. a plurality of bitlines,
wherein each bitline is coupled to a drain of a first
floating gate nmenory cell of one or nore strings; at

| epigd mOREryIRYICE &f biaff 54V WE:&h thd Itﬂ@m@fy c#e‘%?c%tis QXoted QY kiffove the
line is coupled to a source of a last tloating gate
mereehargeaioltagg ofghe sabstmtsrted sfterithegsate plogragiming Iveltfgedsis been

orraif et Snf B + BB B e Rechar oo & o

channel in the plurality of strings of floating gate
menory cells; and wherein the Flash nenory device is
adHistBemery dsvisg oh alaim 48| whareig the memprygleyice ds apomwwglatile

cellnmgf £ogp of a selected nunber of strings of
floatl r¥g gate nenory cells by applying a gate

progranm ng voltage to the gate of the sel ected

fl [ ate nenory cell through the coupl ed word

I i‘gﬁaéﬁg“eg‘lf’r}éﬂf)‘flﬁ? '8 ect ed program vol tage or a
PrOGAND hihid2bidre WM R Sir | mﬁm-

58. The Fl ash r¥teermry gevig}gg)?%?@g?gﬁfn gmﬁﬂé%et%lﬁdt g g d
Fl ash miwrelity ddlpateg gge avaprecktls armagmhie rowseamiowoblrack and
precharge voltage of .t he substrate tub before

progr angg‘FPilﬁgm‘ég%‘F l&ttyé’gs?‘lné%\ti ng gate menory cell of
eaclu@fityfofsalra tinesl wHere Eachiwotll lih®@Bcodblell k@add B1d8Se gates of a
gate nenory cells by applying a gate progranmm ng

vol t ageove! thedflopting gefe mereoryeplést ed floating gate
Mgy ﬁ%éli%%flbitiipésg ?‘%‘gmg? %&?%%ﬁl\}% g tc\éﬁg;élg% I}d ag graﬁlnc% abf¥rst floating gate

applying a sele
pr ogr amémdlyleell of ohd ag@oieRitriiggh t he coupl ed bitline.

59. The Fl ash nory device of claimb57, wherein the
F|aé£f|2rstr?élﬁé?§r<>ﬁg§?,@@qr§n Heablcast ang spurpline iseupled i @spurce of a

pr echarge auataAdRe RlbmbRPccUitthE 8t oldlialt er appl ying

the gate
wherein the Flash memory device is adapted to couple a precharge voltage on the at

least one substrate tub to precharge a channel in the plurality of strings of
floating gate memory cells; and

wherein the Flash memory device is adapted to program a selected floating gate
memory cell of each of a selected number of strings of floating gate memory
cells by applying a gate programming voltage to the gate of the selected
floating gate memory cell through the coupled word line and by applying a
selected program voltage or a program-inhibit voltage through the coupled

bitline.

The Flash memory device of claim 57, wherein the Flash memory device is adapted to
remove the coupled precharge voltage of the substrate tub before programming the

selected floating gate memory cell of each of a selected number of strings of floating
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59.

60.

61.

62.

63.

64.

65.

66.

progranmm ng voltage to the gate of the sel ected
floating gate nenory cell. 60. The Flash nenory device

w@Rooshzgsm 59, wherein the Flash nenory devi ce PGI/US2004/030014

adapted to renove the precharge voltage of the

substrate tub after the gat2® programm ng vol t age has

been applied to the gate of the selected floating gate
menory cel | d has .reached a predeterm ned, volta

g ety ke R R Ey BB BT B 8P e setcced
t IR afhAsdle ABABEYcAiEMiduSh tife @UpRH &ebrl Gns8ldEs) App8lig a selected
adj ust the precharge voltage of the substrate tub. 62.
Tipeogrima ypltagsas pypreyomdahibit veltagethmpgh fiscosplgd biling-| ash
menory device is adapted to selectively adjust the
precharge voltage of the substrate tub to alter

pIrihg Feashintegnody déwedoldiainesT, evhesdin the Ridshnfeendrl davicay adapted to

t [ f th . 63. The F h
davmews by ool arestiarga N ian ok e sesatersl et gBpl Geghgeate
g @%\iﬁﬂﬁﬁﬂg \Q’ﬂt%ge tsoﬁtgg ?ItQ ot fleasR 7B @Rﬁﬂrlléjﬁa‘fé femely &ai m

erein th rate tub is a sili1ton on

insulator (SO) area. 65. The Flash nenory devi ce of

TR ) S LR g S
| ReeRNae Bﬁ%ﬁdr e WhlkdgB off (iR sRbffiafubafiotht age k@r@ﬁmxifgad)ltage

to the substrate tub. 66. The Flash nenory device o
c Ihas heen 2pphiddepdhagatp ef the selnctad Aprtingozald mempry cgl apd bep reached

tq drji h Litty of word Iines wwth a sel ected
vgﬂyggégﬁkFﬁéBhﬁég%V%bharge voltage is applied to the
substrate tub.30 67. The Flash nmenory device of claim
57, wherein the Flash nmenpry device is adapted to

pIEhedlashanemasy devie okglaig) 2. ivhesein Hedlashgremors davine is adapted to
t . whi ' ied to th
S BRI s IR R Rk OO RSB R %01 o i m

57, wherein the Flash nenory device is adapted to
drive the plurali.t f bitlines wth a selected . .
vt sl fpePnedy Brcg it G WG ie EnIRRTY G vige sdapted to
S UbREH R EadiP theGRechhRR VoltasdloMBEBIDAER IE® &b rogtafiming
57, wherein the Fl ash nenory device is adapted to
pldasserbicharagemstiss ofithedlogtng gate memsy icellspf heiraynpedance
state while the precharge voltage is applied to the
substrate tub. :

The Flash memory device of claim 57, wherein the substrate tub is a P doped well

arca.

The Flash memory device of claim 57, wherein the substrate tub is a silicon on

insulator (SOI) area.

The Flash memory device of claim 57, wherein the Flash memory device is adapted to
place the plurality of word lines in a high impedance state while the precharge voltage

is applied to the substrate tub.

The Flash memory device of claim 57, wherein the Flash memory device is adapted to
drive the plurality of word lines with a selected voltage while the precharge voltage is

applied to the substrate tub.
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70. The Flash nmenory device of claim57, wherein the
Fl ash nmenory device is adapted to drive the one or

wOoree0s/03sor ce lines with a selected vol t age whi PET/UR®04/030014

67.

68.

69.

70.

71.

72.

precharge voltage is applied to the substrate tub. 71
A NAND architecture floating gate nmenory cell string
conprising: a NAND architecture floating gate nenory
cell nmenory string formed on a substrate tub having a
plurality of floating gate nenory cells coupled source

t dlteridash rhémaerysdericabf Slhiit HT;whaeh e FlishensHbSdedice id dpted to
i s adapted to agply a_ precharge voltage to precharge

c Alacedhesplprplity ehbifings ingyhighyangadange; strje yhile theawesharge voltage is

C%%gﬁap&thygﬁﬁﬁ&kﬁgi and wherein the NAND architecture
floating gate nenory cell nenory string is adapted to

program a selected floating gate nenory cell of the
St L y placing. a te ogranm ng_vol tage on the
it TR imEn g R Bl Aihedar WedaBryIaam desied epdapted t

PRI e plataliRO6s Kilinds WY EQEETM‘%IQF,E wWHAH R e&lﬁr%é\%ltage is
channel of floating gate nenory cell nenory string.

7 2ppimstoNpnmbairathitbect ure fl oati ng gate menory cel |
string of claim, further conprising: a plurality of
word |ines, wherein each word line is coupled to a

gdthe Ridshandrh@rgtdenide gB¢EnENWHErei€tte Fdshtrh@nérlydete Rladapted to
pl &Jral ity of bitlines, wherein each bitline is coupled
t dlage fhefue Fmege eureg liges imp hig igpedange pateywhils the prechange

s%jtgg%;isgﬁ@iegttolﬂ%as%st&%emﬁ_our ce line, wherein the at

| east™ on ource lirne 1s coupled to a source of a |ast
menory cell of the string. 73. The NAND architecture

floatin ate nor ell_strin f claim71, wherein

¢ A R iy FERE Lo Lo PGB e FRS oy Vi otigpied to
S ldFilve Ehel che ¥ M€k @ 1GRYRIB aReRERE %Hﬁéer\bﬁulkl)é the égalcflﬁgg voltage
to the channel of floating gate nmenory ce nenory

sty anmijed futhe ThlestugaNIb.ar chit ect ure floating gate menory

cell string of claim, wherein the floating gate
menory cells are NMOS floating gate transistors. 75.

TReNNANDaghitédtie Clodtig fOmbmbey Gt serifEroiprisag | string
of claim7l, wherein the floating gate nenory cells
aﬁﬁﬂ@f@h@g@ﬁﬁ%@@g @atlernéﬁngrgtcglg giemory string formed on a substrate

tub having a plurality of floating gate memory cells coupled source to drain in
a serial string;

wherein the substrate tub is adapted to apply a precharge voltage to precharge carriers
in a channel of the floating gate memory cells of the string; and

wherein the NAND architecture floating gate memory cell memory string is adapted
to program a selected floating gate memory cell of the string by placing a gate
programming voltage on the gate of the selected floating gate memory cell and
a program voltage or a program-inhibit coupled to the channel of floating gate

memory cell memory string.

The NAND architecture floating gate memory cell string of claim 71, further
comprising:
a plurality of word lines, wherein each word line is coupled to a gate of a floating gate

memory cell of the string;
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76. The NAND architecture floating gate nenory cell
string of claim71l, wherein the NAND architecture

WO b@an2asgl gat e menory cell nmenory string i s adepr/es2n0030014

73.

74.

75.

76.

1.

actively discharge the substrate tub after renoving
the applied precharge voltage. 77. A NAND architecture
Fl ash nmenory device conprising: a NAND architecture

menory..arr formed on a.substrate t havi . .

o1 e S i, RGP g R iy Sl P B et floating e
rows andefiGlyWeNsf the stifd; uh@l ity of erase bl ocks,

wherein the plurality of floating gate nenory cells

ar# lepstranglspyrce o velereis hecdt 1east eegprrce Hinoisopplad & ¢ sgurce of a
of seri ' ; rol circuit; a row decoder

coupl ec}g‘t’lttﬁetéﬁdﬁ?g?% | h)%%g'#ng\'/\nrd i nes, wherein each

word line is coupled to one or nore gates of a row of

the floating gate nmenory cells; a plurality. of .
bi theHakD %{%@?@éme Haetnggate mpmopycet stipigey clagmy 1f yherein the

fl i B Stk i
AR oh SRR Sn RO G efonf R rRimdly sfink € B3R g couple
s oprogramtinhibit veltegetorih¢ bienat! df émstinggete memocecdli memory string.
coupled to a last nenory cell of one or nore strings
through a source control gate transistor; wherein the

COPRd QAN Arbhitdctuir® flOStRM @k femeBURIISh gUfREIA T Ewherein the

voltage to the substrate tub to precharge a channel of

c alilgatiag gate pnanpary sEllg are INMIOSfflogting gaje tradisistomat i ng

gate32 nenory cells; and wherein NAND architecture

Fl ash nenory device is adapted to program a sel ected

f | Diad NANDD@tkitatRir® Flpatigd datOmemagcellfstringsefictimend, whedRy the
of strings of floating gate nmenory cells by placing a
gallRAtipe Sale PRMATY Colby 18 V1B flopinggatetlrarisiie sel ect ed
floating gate nenory cell through the coupled word

line and by placing a selected programvoltage or a

pr Blgr MANDhrchitdcture Flbatiyes gate inbmorymefll sethgnficlaime Iwwhéreinethe
hi gh pass voltage is placed on the gates. of. the .
nofANTEER S Bonity s BeieRe Rufity Shug s Mhbradapetively
ar Ginh etk Qibkiraa it Eited MBoIRSTRE MpHIRM (REchaf geGloRthdB. 77,
wher eitmﬁg%t he NAND architecture Fl aggi nepr?iory gdevi cgeB i's
adapted to turn on the drain control gate transistor

OO AL B BB R L BRiRY, 92 oo
pr OYAND hrdhitdvinire vnid@g arrh &drmied op hackstratetub heviagw plueslity of
floating gate memory cells arranged in rows and columns in a plurality of
erase blocks, wherein the plurality of floating gate memory cells are serially
coupled source to drain into a plurality of serial strings;
a control circuit;
a row decoder coupled to a plurality of word lines, wherein each word line is coupled
to one or more gates of a row of the floating gate memory cells;
a plurality of bitlines, wherein each bitline is coupled to a first floating gate memory
cell of one or more strings through a drain control gate transistor;
at least one source line, wherein the at least one source line is coupled to a last
memory cell of one or more strings through a source control gate transistor;

wherein the control circuit is adapted to couple a precharge voltage to the substrate

tub to precharge a channel of carriers in the plurality of strings of floating gate
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78.

79.

30.

81.

bitline. 79. The NAND architecture floating gate
menory device of claim 77, wherein the NAND

wa@e@kiozwset ure Fl ash nmenory device is adapted tRCT/US2900080014

the source control gate transistor when the precharge
and progranmm ng voltages ar3 applied to the sel ected
nunber of stri ngs 80. The NAND architecture floating
gat e rrermr¥ |ced of claim77, wherein the NAND
archltég?ﬂlgcﬁ U8 nenory device is adapted to turn

of Whdréig NANDGEH B¢t hfeE ashahSnbiyaR§ics iPidaple o pid€ram a selected
precharge and progranmm ng voltages are applied to the

sel ect ipatingrsee memosy e¢lhefscacipof a gelegjed rumbes ﬁfﬁtrlngsmj flogting

host capl Iggnz&g, B ﬁ?@lﬁgﬁ?s ale BH6¥afiBind U858t Bn Wioate of the

menory saremy f]b@ﬂirl@td)mf:mbry} edishroogk tl&lﬂa)apleémrcll lite and by
having a plurality of floating gate rrem)ry cel
ar r angeiaGRe # St RIogaM IS AR Iarsam;al hihik Ypltage on the

pl ural '(,to‘z‘lgcfi Rf bififd \Qlﬁife a Righ lpHgsaJoﬂt‘él e 8 1484 n HeBRs of the non-

wherein each word 1 ne i"s couple t6 one or re gates
of a r oaleoted floetifg gatet inagogatedlsnmenory cel | s; 33 a

plurality of bitlines, wherein each bitline is coupl ed
to a drain of a first floating gate nenory cell of one

OITHEN NS} drtHi@Stureflodtpa ShteANENSYWetRe bt BRim MN&T IR dIn %H%Q\IAN D
at | east one source line is coupled to a source of

| ssehiferigs Flagh ngn@ry@mpys glapted ¢ tusp en ghe dr@m@osttrcvhgﬂ@s
\M]Z?ar iISIQ)r HG& Cé: él%glja 68% flél(lﬁ] gﬁ E'ﬂg Eg%ecl‘loatnu 6:81{1@68 the

rec arge v eas
p rselbhaﬂ@eo@am halﬂzrgebr Ipfbg&:hﬁ—uﬁﬂlblllt abltdgy thit isplateddm tBf coupled
floating gate nenory cells; and wherein the Fl ash

¢- device is adapted to program a sel ected
floating gate nenory cell of each of a sel ected nunber
of strings of floating gate nmenory cells by applying a
galte IBANGr axchifenigroddatiag gateandrherygieviee of clhine 7% el leotie the NAND

f1 ogt. ry, cell t h the | ed wor
| el BT gesog & B @ % i P /e GEE e
PrA@ERMr khbh Bletprecharge and programming voltages are applied to the selected

number of strings.

The NAND architecture floating gate memory device of claim 77, wherein the NAND
architecture Flash memory device is adapted to turn off the source control gate
transistor when the precharge and programming voltages are applied to the selected

number of strings.

A system comprising:
a host coupled to a Flash memory device, wherein the Flash memory device
comprises,

a NAND architecture memory array formed on at least one substrate tub
having a plurality of floating gate memory cells arranged in rows and
columns and coupled into a plurality of strings;

a plurality of word lines, wherein each word line is coupled to one or more

gates of a row of the floating gate memory cells;
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82.

83.

&4.

vol tage through the coupled bitline. 82. The system of
claim8l, wherein the host is a processor. 83. The

waymsemsof claim8l, wherein the host is a conpCiI/E82004/030014

system 84. A Flash nenory device conprising: a NAND
architecture nmenory array fi3¥ nmed on a substrate tub
having a plurality of floating gate nenory cells

arranged.in.rows.and col umms .and. caupl ed jnto, a .
o1 ur o Fey i B, SResiaf PG Boied Biaislin of i
wherein eacﬂwm% Atk BRmoby &MUTI0RE of MoRNRrifds; NOr e gat es
of a row of the %oatln gate nenory cells; a

pl ur al it passPnppeurrebire, whseitths atlsath ope sourerdinesis coupedi a
dr ai fi i || of, one
to-a drain gf.g b f il fOLRL ENG ARLEy TR JncGRlhote R0

or nore strings,; eas € sourc I he, erern

at | easthesiettedlishenéhog desice Budhged toocoapkalréchagde wltage on
| ast floating gate nmenory celi9 of one or nore string

S;.
a nmeans f or UEISAShepesupFtet4P feprgeharggachnmnelia the plurality of
substrate tub; f fre .ngqa sel ected
floating gatggmr%gr?g?gﬁ%é%q{eor?é e‘% %%,disel ected nunber
of st r iwhgsinthefHladt mamonyaleeicersmdapted &l prograanalsedeaebfitsating

for program.inhibiting.a.selected floatin ate meppry.

col 1 "o “eacRHGmEn N PEEeh o b &rlocrd Bibhil 52 Siheof Hostine

floating gabgeTREMb6y €RS bpapplying a gate programming voltage to the gate
of the selected floating gate memory cell through the coupled word
line and by applying a selected program voltage or a program-inhibit

voltage through the coupled bitline.
The system of claim 81, wherein the host is a processor.
The system of claim 81, wherein the host is a computer system.

A Flash memory device comprising:

a NAND architecture memory array formed on a substrate tub having a plurality of
floating gate memory cells arranged in rows and columns and coupled into a
plurality of strings;

a plurality of word lines, wherein each word line is coupled to one or more gates of a
row of the floating gate memory cells;

a plurality of bitlines, wherein each bitline is coupled to a drain of a first floating gate
memory cell of one or more strings;

at least one source line, wherein the at least one source line is coupled to a source of a
last floating gate memory cell of one or more strings;

a means for applying a precharge voltage on the substrate tub;

a means for programming a selected floating gate memory cell of each of a selected
number of strings of floating gate memory cells; and

a means for program-inhibiting a selected floating gate memory cell of each of a

selected number of strings of floating gate memory cells.



