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A second aspect of the invention is to provide a method of programming a charge into a charge storage
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40  word lines forming a gate for each cell, the method comprises: i) applying a positive drain voltage to a first bit
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t he 10 W‘W@PW”B%’P?SP‘@?”%EP“&%MM regi on 50b/tunnel |ayer 54b
i nterface and,Aganj thet.deleo &Wamétrc@ﬁwgy@mmfm&e&cﬁmh&éthh@é&ﬂfciéﬁto%ﬁiﬁo&ﬁthe egi on

201, the Zi ie%l tc§j3 %S ﬁ%@ b121¥iertarI c%annﬁlgergmn gébytun%el laHer SEbolg}er(gaﬁe athqgg Oagc{r%ng Igr% 32; Z dt he

el ectrons towar source C regi
i f ot her %erifrasedtonardaspuisetesion Apf tth?lﬁnldtcdm@ed@mhum Voltaggon comtol mtetiatedisbiathe t he
same bit dideR&s wlkds thédelclBegd 1 ﬁlﬁug@éﬁo‘h@ﬂ; during programmng, the current

| eak bi d th
e e L Sl R R Seco e e A e At ar ¢ al
pr ogr ammi asd 2@fleak tipentiuing pokretthiegl the eirest leakageltsn edipe 0 maghitida gf thyyeathmmiizd

i ncrease ﬂis%&r@d@&@&c&d&ﬁ Eﬁrértnagrﬁ@cfe%f fhd }SE}ggr r%)bgag,lcﬁlsgumnkeg ée?l gargepp g%ﬁ:@%ﬁ't& of

progr amm rﬂfq %t es are represent ed.
reduct i on™§ IREgFER prils: FdumR BGOSR RPSRER: "l‘i@)ﬁ"f%"éﬂé‘&fwntgé}“l@t 48 that share a

colum with t hiefemgecHigtt & tteb embb@Bimerd df frogamib @ sténtiRle@epitsentel. OkkEIRenfbodiment

(e ?225“"%‘?%:‘ Ao SR R PSP Mt R S5 R ey e

utilized Porltughthetails o figere & troressets th@‘ﬁm Q@OMQ@YQEGM a@@injgharge storage
i nt er changgias4tagurd HfiEsh0R SppkediatediBar § WinfeBysRink mby v3 68 ¥er JrddEanffifdla Roukte t

| i nes.
charge storage region 62 by interchanging the references to the source bit lines and the drain bit lines.

u

1

(o)

The first embodiment 101 represents applying a small positive source programming bias to the source

40 it line during programming. More specifically, referring again to selected cell 49, the bit line control circuit 44
7



The first enbodi ment 101 represents applying a small positive source
programm ng bias to the source 40 bit line during programm ng. More
specifically, referring again to selected cell 49, the bit |line control
circuit 430090518604/ 051667 PCT/ US2003/ 023085 coupl esPEHESIHDY023985e 201,
whi ch represents the source region of selected cell 49, to a small positive
source pro fromthe vol tage divider and couples the bit |ine
202 whi ch® f’g‘*ﬁﬁ‘gm %9% %@“HPP&?S?P‘%“%P‘B??I on 0 €O dp p smalf gositivgsogree

pr ogr ammi megranging digefrdar thewoltige dividértagdyeuptkis te tigline Ge vhich epfasenns ihBki@ kegioBofv Ol t S,
The substgpha ce11443 tb §p££§iﬂl}1§gdvoit%c 19 Hl@%étg%odw b B4 lo}a%%%%mﬁe%)y 5 vl 0! sqra.teI ne

control cjrcuit é he se ecte presen
control dZieowmd t"t 360“&‘1 e ISEEE‘F@H’“\?%#& woydrfige %F%%iﬁ’fﬂﬁ feppirothe f&@éﬁf\‘ W%ﬁhnt: Eﬂé
vol t afe dipréseifig thbomiol ga&psp,rt@xsermécabdfd JESA) pr‘éghtﬁxﬁn@sfafdaggﬁ&n aoWRhR ahRB-e36f ect ed

word lingg hesoLher th an & he sel ected word 1|jne 211) to
a smal | %Z%g)??%}e %)P’ glgs‘%\i/’cfrﬁa[y ge. epgtﬁda pos(f%lﬂ\?g’ ‘?g‘ﬂ“fﬁ(‘f@“ﬂ}”ﬂ&??ﬁﬁ‘%‘&” i as
is |less tllﬁ‘a?ﬂliﬁés%”w&‘mﬁahgﬂt@@l tage coupled to the drain region. Mre

speci fical ly, mhbenaositivéwer eﬁxﬁnn@grb%gf WA Q%&&Qﬁ VR B one
tenth of the RA"%’E prao9 | céﬁbl{r SI Jied t8¥t e dral ngfe(gll lgﬁtk\gﬁg&tnv\o

tenths of #%e 81"?%?@’(5 IRE YOYRRS Y bepetyesn one g gHbe Ref erri ng
bri eflOy tmpgﬁmgmgeolﬁga applxedmjthmlmﬂn remon\md tho fehttiLbf the prograsiminy VoRdgt Splsdtd tiedrdi® t he
bit line,ggptrol circuit 44 coupling the source region to a small positive
programming bias fromthe voltage divider 64, the bit line control circuit
44 may incl uddelmRgRiely BFierns natpentenstip Figye B et amaliamativedethelbigiBe eantiol pirvat bi t

line 2 0|1 A epphpaRisourg rekn tohl&mﬁl)pb&ﬁ& piRginfidg bl&%oﬁll!&holtagé'@w&eﬁﬂ &k &F] liePer at es
as a volt api n rrent t he source
regi on 20 %CMer%E{ﬁ ééédt %tsgtor?]%é %gﬂm ﬁ’lesg st %?ﬂnii g%%?‘ t"\é\%’ ggltffpéeée“?‘&gl on

201 Héi nqheéq‘ii%?lreaoe fvech, Poietisigrepirie peawitegadirits s e peograeging boTen:E0s beRe¢auir Ni g

to Fi gur endioirét r@g%mzolm& brBuha 08 {uith thd MR DotentiRFknSsontd1Esick 06 P &IQH pgrent

represents.the substrate corb%r ol circuit 45 applying a smarl strate

pr ogr anmi ﬁ]éagﬁin‘é{%asetaﬁmfsﬁl??’?ﬁi%]ﬁ ate 42 during programm ng. 20 Nbre

speci fical |y, Rewfingtd H@reeﬁgacqmummoxsmﬂemgmdz @6 Bl the4d&pnd iBodirhent teprédentsa@nt r ol

circuit 4 g.‘gwg{l N Lenr the ource reai on of
S t§)§c11tcmf345t%b;§1}allngl6arl§1alg% COlXJ\% ) ag%% s§bstrate2t821

sel egt.ed cell 49, roun repr%sents

the &ai nMPe Qﬁeﬁiﬁc%f’ %F‘éé%aé‘do telertpd ogth49, ﬂleblalmp F@Q‘Pla\fﬁﬁt frcopm¢stihn s hlﬁﬂﬂ@lfn t he

vol t age dihich d@feseﬁtéth@iouﬁ@ﬁglsﬁ(df "Rl Yell 29, td/QJnix% 68 i colifl@ ﬁﬁ@ﬁﬁn@tﬂoﬂﬁat réph:?ents
strate

substrate, C t couples.th

subst r at gme d(Bargﬁl% b o?éefe&é’c]nceu 4 - AR Vq‘ﬁ%e e V?)lfage ‘iz‘f“%eﬁ?“? it °&‘81§}5]|yés t he
sel ected ‘Wéﬁf dt the e Qfmthe Fvéfﬂa@semﬂ cirepittdh eouplesritersuistra® 12 grathesn@Dsubdptea sel ect ed
wor d | Nerdafaaeind B3, MBe M&l‘l liRQ8ntlol c@@ﬁntdg%ou\ﬁﬁi thAGISctd! quﬁé 21@46&&6@%@8&@'[ ely

10 v@lts ang éeﬁ}ﬁgﬁlpd non- sel ecte i nes g he wor I nes_ ot her
t han “Phe #&PL&AS gr gapying gltage Zopthe voltge df ?r\§ ofppierinailt Wyelts anh e
smal | substy cauple nqmrsdgu@mmdﬂgesm gushe e 1ibeR oferiRQBE iclttedrtdd g1 RtavmaN - 0. 1
vol ts andesdvedi¥Qhihes: FOr a more narrow range, the small substrate
programm ng bias nmay be between -0.5 volts and -1.0 volts. 30 The third
enbodi ment  r epPeERi f@stElsRIREHmEEE bt Pay bhenegdtivavolizgerbrowterndritvolismad LAsolisekoond
enbodi mentmoreidfidiv tdpatihe sﬁ)ll sfuiSH&atSbtb@-irﬁrﬁﬁ@ﬂiQﬁiB‘e@l&tw@dntmotts He- lemmtd es a snal |

subskpat e pro 1N e 42 d ro and the
bi t It3|b ne cont %(r)?{ncq erng)SCP?'bnifpresents T°é“§m éﬁb*‘?ﬁrftf' H’fﬁ’itg“ 5 ‘% ‘f@?‘g’g‘é’ht s the
source r eudhdit: githe suhsiratecontt! eieshit 454&9phe$ mall sibstrhte prppsnmmg/teasmbﬂsubsuw gidnyn ng
bi as fr orpdgheming hﬁd@&%lt@hé’doﬁtﬁﬂ cn@kﬁf 44NGupRE @1951@%ﬂ9wmch$g&£ents SRS oﬁ‘gte

pr ogr anmi ggc g , "H‘ﬂ positive source progranm ng bl as
wi t hin t F8% ﬁ%l S t%%s ??:sﬁg’gﬁ’arcﬁi’rf’ﬂﬁaﬂf"@%@éf‘°”f‘@e Yq#égeﬂ}"}dértd“’é’?ﬁ%maﬁ’é‘ﬁ‘g and t he
second erAvtdherrehntrate grograivdng biat ive theistalfiotitive foufck frogr@nming 4 maldBe withinltieZz@6kst O

appl B5t h Qlis%&ii twlﬂy 1@sp§c? 18l Sird? gﬂgﬁiﬁmﬁ%e%cgﬁ'emﬁgd%?egﬁ %Erﬁlter?the circuit of Figure 7 may
be utilized to apply the positive source programming bias.
Erase State

e

When in the erase state 74, the array control circuit may couple applicable bit lines 200-206 and word
lines 72 to applicable potentials such that the source charge trapping region 62 and the drain charge trapping

A0  region 64 of multiple cells are erased using either a hot hole injection technique or by tunneling the electrons
8



When in the erase state 74, the array control circuit may couple applicable
bit lines 200-206 and word |ines 72 to applicable potentials such that the
source charge trapping region 62 and the drain charge trapping 40 region

64 of nul WHE4/edP4’s are erased using either a hot hol ePCHPEOIYVEHBE echni que
or by tunneling the electrons 8 WD 2004/ 051667 PCT/ US2003/ 023085 fromthe

charge tr er to_t he ubstrate Bot h
t echni quej%glgi?eg%%\gﬁ? mig?ay?rtjg tgatgg(li? 39 éFaée RS q"f‘srfée knovpjn Be et o 78, t he
presence Bé‘a.ﬂ-—éliﬂ@apped electrons (e.g a negative charge representing a

programed st sty m'tH@ rs'éd &ﬁé %E@ﬁes@ﬁ&' Bfﬁ‘ﬁp&&‘élécgﬁms k. gaaQQéaEQ chff 'r&)&seggngqr drain
chargetra& i s detected. I'S recognize

presence F;’p gdpgba& mé‘ls‘g?f’fefl See %lafgﬁ frappige @%ﬂ’r@ & Qfﬁ%l?hérée FepaippeEey & égretrde2 or
a drabn chargentedapphegesegblinpid dletbs eithiacouca dhajgd tﬁppmg regfdnm;z bha@hannel

region SQuh ltng/i{m'ﬁ n gﬁ%{}&%ccmhemah ichid tﬁeg:h&gé regltoﬁa?o beH)w stich charg0 Rgpgigge rrelé:lgnts g

trapped el eCtI’OﬂS I'n elt source chnarge ppIrng reqgi
drai n chafgech heRppicHYf tregd derirens insitiephe sovthecherm@sm regnmapxageedra@fchagef i eld

ef fect t ruapsigsdedn 64 &E&)he@mﬁcm:\toa&gb 30dield ¥irdeNBnG@n [ri) chsla&&ized@%e ot batd 1 NE

di ffusio ‘Hmjm tlos as a sour.ce rejon
di f f usi o% é%g] § 6 a’%o&fz Eﬂ% rﬁ“é’nslaﬁa QUL 2 lélg’ﬁeé} ‘ﬁ*}ﬁgp gqédl?aéﬁmc&%h bi t
of tHE datrdpnegioe rﬂ)?!yfoweda‘th M@f thedpalihs mémenctl 48 way beties!” Spmore ﬁpeciﬁdalllyyt;he t h e

presence @A&a&cﬁsﬁa% R4 QluBteatil It B BuRAGRO% J@%fg&a
region 6 n gefetlon char ae tra |ng gr eaa%lghﬁw %@LE tg%{t%

oper at i or® gﬂﬂng’f Ct"'f’hy?}”ﬁ’ia mofhetET t he presence of el ectrons stored
w thin a sour d@aﬂhmrgcae ﬁ:esappofmgcwoﬁ@o&ﬂwﬁﬁnmymmmdﬁpﬁﬁgxegom maml yi ng a

positive d\é@étéd%g %)pfyﬁgg 9{% fgé)‘?ﬁt%gct I O%Exgropg%te ay aqlgg‘le!ss%rs pSOSel{I\ie ROE alé%,]tlo }ng %llﬁle &@»%E li ne

t he q 1 ne rarn-reg
201 tIRat TPk 48%@%@&%@%%@@%@ﬂretﬁmc@onw@mswwasmgrs@m@d Bgrourtiisé

current fihewniks fédie hekBasisddetkheBit i1 Iﬂiaf-fuﬂchdi@as%%r b @hrcd ﬂéﬁ&{dr QR bRBNeCI t her

t he sour Ihe bit line unctions as the drain

regi on. 2@2 {hqgmamsrag)thgr ST R g AR PR %?ﬁeﬁ F‘Ei‘s‘{“FsB?lgsrf%rd’éeﬁst“’iﬁ?ﬁ‘ﬁg Signe
assum ng mo n@reetdnakaemrom wipkatpeerforyoeiisal jvisldethd samenwnytheelebts odiB49uind «hsunnng he same
row as t Rgncekmek 86 £6hdry 49 ANAHAHS UK RS aftfhs o Widef %ell L@%ﬁa?&{] LiP{TEMOr Yy

cell§48 wthin.the sane colum as the se ecte ere are
el ecflondraErsd W}ﬁbt}?ﬁaga“rﬁﬁ DB {rapiine r@’éﬂ&ﬁ% 8° RergEgle Ct“i“’&b‘ﬁ j h@m?a@quaﬁhedrg ling92
measur ablcemgiging e drainiekion. tmhdmaasiﬂ the sbuidd chbrBetrappihg rbdidhes2 &Qﬂa:geeﬁmalr(é gij mg the

drainr eq}aﬁﬁd el&&n@)rtmn%h%re v&éﬁ Els?l%knlgs %%% ?Hc?‘vg tﬁ tl;[e E)%Pzpe: fPrg%Jn%g Iasqﬁle dram r!é% nC har ge

neutral (e.

current fq‘fﬁ{%ﬂfl H’E’Efe%ePf‘é OE?I%CU‘PIF prared wﬁ’mthedmmarwanm r@kroaﬁﬁmmelmdﬁwted b}Shfm larly,

the pres eﬁtﬁeandm‘od @hdafdidl oraversing @k 81 1t ilnBtioRing A3 @he it Pogfoh HIGR bl E&Qﬁﬂcﬁlﬂm% £0ion 64
?g tedlby the same nethod, and nerely reversing the bit Tine

func 1-oni ng as the source regi on and the bit line functioning as 25 the

drai n regi on. Rexoeugrs that ergrent feakagefinmr romselebtedrkeangey chlfsaim shan the edme cdleh asrderor y

cells t h%&le&e'ﬂ%ﬁor&&ﬂm'iﬁgﬁaectﬁwuﬂmeaaﬁg, Ihgﬁ-ra §<§Jlrﬁ%fr<§lg 5{%%%%/@ @%‘%ka@&){o Bhf ect

accurate rea \%g arra controlocirourt las voltages to
non- sel SREE4 ™ Plaes Ia’i‘dﬁ’é the B, Hipe dorming, the gppsee ‘P$‘Wé>f F‘B F‘W’?‘P@O PRENSE feakeey egi on of
the col umm t o Tpe eNestFigtis Slheptetinls agpaplary Braticf Be @brd Iﬁheg;idﬁtﬁ)l SircliSBITR I
exe rr@bar MJI&Q p&&%; foplgadﬂlf aEQ&t@m&[?org’ i g%orﬁa%@et Vlv’lg thecll'ege(l:ltl{}l\;e lon é%em E(P%l%ulfe 3 0

di Té e & Pt esent

bi as vol tages or rea I"Lg menory aCCoradance w
i nvent i orformetionwith Highre 3 wipngendiag the poprce cherey tcmmarempnmpfﬁ sFlegedmemgry calif4e.ihe

readi ng tvagl IBOLtHER cxedaamgﬁuw@mme@aecfe@mrme@ﬁ 9 h pRitSELRCLRG: BN hYordetdtl 49,
t.he sele word Line 211 to

the wor L CY |.e

a positi \c:l(e) vcr’legﬁé’m vf)l?aﬁe& ° ?’Fdf?ﬁlgleg'fiﬁ(’é’rsa‘c‘é) ed wrg ies (& ¢ a ‘P"?%H’ief piker Y Heage
di vi der Gdecied d’O@é‘[ﬁi foge redd diamoitags €6 Bt ibaivoltage divideridé & ofder 19 pre@dnt punshttaouglhi nes
ot hegst h Q:Bmtnh@akag@ ekl tg@lmm;}cteﬁsl thart Be Gmb s‘oaﬁi.mlag B sck) ry 28I, ffh]@fe&ac{(

vol tage di w?r%r 64 in order to prevent punch throug curr ent
t hrough t'REEHETEY be Luratee Youage- Mﬁ’&?lﬁm@%’& @&W@%I"ﬂﬁﬁ 98 gnay brea nggatiecplige rrenor y
cel | . Théeiwemd0. byoktend -2.0 bélageforAGnoridrrdderare, Bagéah LO/iEvol @hd-a§ Solt; dA¥6r@ more

SPeci fi Cabo ralghfer hEAL Y. AR1 YR b 2GS, 96 may be a negative vol tage
The table of Figure 8 represents exemplary operation of the bit line control circuit 44 for applying

40  voltages to the bit lines for reading a selected memory cell in accordance with the present invention. Referring
9




between -0.1 volt and -2.0 volt; or for a nore narrow range, between -0.1
volt and -0.5 volt; or for a nore narrow range yet, between -0.1 volt and
-0.2 volt. The table of Figure 8 represents exenplary operation of the bit
| i ne cont V0 2W9#PTG6T 44 for applying 40 voltages to theCDUB2003/623685f or
reading a selected nenory cell in accordance with the present invention.
Referring 9 WO 2004/051667 PCTI US2003/ 023085 to enbodi nent 79 of Figure 8
i n conj un®ETRoAmERt hoffiggiBdn pniugien itk Bigep Aovhetreadivg the ecurce thanegesppingrpgiinmfa

regi on ofselecteds@n6§ Eﬂﬂfoﬁ&ﬁiﬁ;ﬂé/ se@&id' cell Zf90lhc ﬁﬂﬁ@%@m s g4 \%ﬁ c&lﬁllb lhe BiBtine bAAGRP 1 ¢

line conty it 44 ine 201 represents the
source r e ésen% ° Sgur?e r%gfon %éTtTd lflig‘{ﬁ%a RUE ‘i?i‘igé from fop é‘ﬁtég“‘fdfvﬁlf’ﬁ 6 ﬁ‘gl Hhioraiye
di vi der féiri’de AR HHat repespritsahe drdirgreginntof delectesl RIDMD tb balk a osifiverifaRiVvbliagd fiven thy ai N
regi org of voﬁ@é 86 ds E:ﬁltd thél&nén@sepsglt doift 68! Oﬁletdl-a}ﬁqroﬂidr 8’ ¥ %%sttﬂgﬁr ef;l%P £ 08y S

vol t age di ié’a %{a 618? to the current sensor CI rain voI t age
may be | eSLEE FRPISH odbr pelpeted srordliae 900 Abe S°‘U€?|VP‘é°§?em94?e mdlore!aay%a ol pesiivect ed
wor d | i nevoBdge befiveen GO unlts snd\ OlvblaGEordeRty rddete GiirdhHAEbu LY culldhy ledk e EurdapBloh-scRaSd t i Ve
vol tage Qﬁéﬁé@%&lsgﬁgxat\éfyﬁétﬁes%ggco tw}{h eselecterllcoﬁger to reduce punch thr Ough

current |eak rou non- se nenory célls 48 that share the sane
colurm wit h t H¥cogRipiag éd‘“@@llt}akﬂwfmﬂﬂé@@ﬁgmeznowgeﬁsme B¢ 18 At the seleded gall iay om

adj acknt dﬂiﬁdﬁ'ﬁi’cl)&atﬁﬁhdufg &%1&@@0&%0&9W@r&ﬂ?ge§ﬁg ﬁ'&@@ﬁn@t@hﬁ'&nﬁyf the ihirdthef €Ct
accurate rea circult 44 may recharged the next

bit Iine F&" egtrolasgﬁ "E’)’]thaSﬁgppﬁflﬁveﬁdﬁ'?etmer‘iePféuchr‘eé‘faé“rred to as 203, with a
smal | positi veﬁmﬁthdgeefcmnadv enbeditens ${0dfi Figea R aig it 1idd comrohaicuingg myly isdlad w@iline Ng t o

enbodi mendos &6n @t itFhdknhif mBy ﬂoramupﬁeyng lai’fe@t@d &1% mﬁ}uvccﬁbl[)% Sact (# fhggl%élédglsr% ﬁ%g e bit

l'ine 20305uch that, its potential my elng e
its junctl 8ﬁ8ppﬁﬂ“tgﬁ‘d%saf’éfli‘e line 303 a&%’aﬁr‘f@%ﬁerﬂ?g‘F’%Héllne%hwh@é%sﬁﬂ'@edéq G @f the
bit lie mhmommmpwmmgmlwtmm buch i lhﬁt@t 1§rﬁutfahlﬁas€d 1§kt codfrol k%0 ahef er red

to as 204p0s1&\g bljdéd @nﬁp{eg?& Eﬂﬂe%g %3 th%hsl Vadon uso er c% ag% 8.%!9&11% lfngﬁla% Il){'IB;[ aggd

such t hat i S neutr e ‘con

with res p%ﬁgm&%tlwﬁéfeseéﬂﬁi@ed tBFeFlucP Puryent fegkpge thfa‘ltahmmormcdﬂeﬂlat@hmbhemamrmmthof
floating tbds'éledtddﬁlﬁﬁlo@ladl pre- charging bit lines are envisioned to reduce
current Ieakaglg throutg rﬁggﬁ%é cells that share the same row with the

sel ect ed nmenory CerP: " A0 AR RE? EeBRPTedreip rbrabiisietds nemap gel

t rapthg of Sisiieyentiof previdbsfer mbx fastetias] i@t aciucat R ERIyhingetillzing BE: pofgratnfing cirément i on
provi des £k r&i@&@leﬁ@&ﬁﬁ’ﬁugﬂ@ﬂer%ﬁ&y @cﬁ sllﬁr%% fhe pagxﬁg&mrgs Flellleg:fe& ﬁléﬂoﬂ'g:eﬁ ess

pr ogram’ﬂﬂg Er[ent due to reduced aKkage rou nmenory
sharing t/HEOA fis TEtighies been thawn and fl“é‘if‘P@dVIWVO ee@w prefemadtenbﬂsigﬁntﬁ, Il’ﬂlss
i nvent i orvbhias thaeguivadaewn modiicAies el ad to\MhE:ﬂQ sKiIR8 pﬂmmm&n@@&&ahgmn@ referred

enbodi ne that e ations w ||l occur
o ot oy clndaping it SRULANS AR hfBE M2 R A i e SRR R R Bbinaty o
specidd caidny ﬁ““CPEFrfO@RCb?mﬁlﬁ‘éﬂlcwStlﬂﬁ‘@ﬁﬁgihshplﬂébmwrb@tedthatthwa‘.eaammgayf tids igvegtivowray as a

subst ant i RlapplieddSbdih gaiar, fistofnld,labll Fhef BGIRH m@:ﬁor& DA sBchules Qﬁlclﬁhﬁp 8¢ i%x‘ﬂe@ on it
this invention may pplied

shoul d be reci ated that I

to both psfngﬁlarsem PRSP RRERes wgﬁlamg‘?aﬁg?r gqmg}eett?'{kﬁillﬁonﬁ‘é‘ﬁb‘}“@c@éﬂ“Ps“g?SrS&R’f?‘b‘?“es
whi ch nayinsylatof (§®mn®muctsnﬁuwsad:o¢sEsnlscelnmﬁtppmm(m) segtifosduttatsatstrardsiaah i ncl ude,
for ex a%ﬁcom@&é&oksuﬁééa&%&e& %h@%@&iﬁg 126w Hm%'é:rt a#}h@?rese ﬂé\&t@gpmgﬁhes A% Hl at or

(SQ ),sem conduct or substrates, I 1 con-on-sa sem conduct or
substqDZt gfguivalggigand é‘é’ﬁi%ﬁﬁtﬁé@ﬁ@%ﬂlﬁ%‘t’ pytheeseore of lwngéla%r material s known
in the art. The present invention includes all such 30 equival ents and
nodi fications, and is limted only by the scope of the follow ng cl ains.
10 CLAIMS What is clained is: 1. An array of dual bit dielectric nenory
cells, the array conprising: a first bit line of a first conductivity
sem conductor form ng a source region for each of a

10



5 plurality of nmenory cells within a colum of nenory cells within the
array; a second bit line of the first conductivity sem conductor formng a
drain region for each of the plurality of nenory cells within the col um,
the second bit |line separated fromthe first bit line by a sem conductor
of the opposite conductivity formn a channel region for each of the
plurality of nenory cells withint um ; 10 a selected word |ine
posi t i onewhawelikdd®s: channel region of a selected one of the plurality of
mermory ce|ls WA:EQ—'ranottJ&elbqgefé&? mpngo fu eraml‘ %(r)m ng a gate for each for a
plurality of nEhd S gsaﬁe OFP"tH% array as the selected
menory cel | ; aa pisubitlietof adst nmduoye*yewm@dndMPrcfomnme%SOeatt?gip'aﬁale#c{eI0f90 t he

sel ected mybﬂmo@&alswfﬂamﬁxmmemawgats%vlma{eme@e of the plurali ty of

menory cells wthi m ot her. t han el.ected one of th

oural ity of neiieg ok et itisihRin sl SERaan P S g a
positive prrelgy afmenmgy b vichrethe colunime the edcemt Wdinwepatatbd fivey the fifst bit line b acont r ol
circuit fomRRRby She bipodiOUbddREhinP Rl B hlhGe Qi i Beh GPRE Y mans,l Jrcui t

appl ying the positive progranmmng voltage to the selected vvor lTne: 20 a
positive HF‘%\‘?%“%TV%%“E"B““PM drain bit line; and a positive source voltage
to the source bidlecled werd lihhﬁos}ﬁﬂtﬁ:ﬂtowéfﬁle&ﬁum&leeg\tﬁhfa%chEbﬁbg)fh}esﬁlralitmn t he
positive drai T i Ly Cel s of
claim 1, 8%{19%&919%% chUmn gm% ﬁ’%l{ela%rr Q‘L foFeaahg) ? ﬁ%ﬁ{yt mgﬁg(:? %(l}sne

cont r ol cWN&%?%amarw%ﬂ’gﬁrwmﬂthe@here%erme?e& nthe bit line control circuit
co:JpI es the ﬁ Ohlﬁlgﬁhtbbfnomsé]&teﬁ ﬁoﬁhﬁesk@&'p&ﬁﬂﬁl tomelwfeﬁ wWoRSIink hdﬁ&achSFQHﬁn@e .
voltage is there u e Vo crease rou e.resistor. 3.
The arr ay® 81 Staamest ¢ Buah@el Pruonisto oo B 5T ode BRLAS =S ifaPEXEHene or o
l'ine &ont platlitg pfreawioty celsur t her provi des for: applyi ng a negative bias
voltage to theaag,la-hgggoggﬁggmmfd lines in conjunction wwth the word 30

| i ne control mrglult ag' g Eomtlve%l granmng voltage to the

sel ected word PRPHES 2ROSTYRROHPPEPS YHltagh e the prlec®Uvaf B¢ ri ¢ nenory celI's of

cl ai m 3, wher enmittline coreghtircuie fdyi zpplymg)| ih agguricgon Widt tve evord Ghelcowtnd] tegewnd - 2. 0
vol ts. nory cells of claimi4,
wherein tﬁp-ggﬁlgg{gtp%tgég|ogrgm@{(1){€l’0h9éetoﬁu} Jbeg&{i/\glérg 11{_;‘&9 5 volts and -1.0 volts. 35
6. Thé®array of duaﬁpmﬂrfe‘a%r"é@%ert?@eﬂr@ﬁﬁwnec@ldls of claim1, further
conprising a substr apaitiveldueeltageqd the @durdeibft Gink, the f;@ruva@pdcyvn%ea)ein@gati ve
substrate volt eth'g 0] 1Ueedr§u‘11wl?o?t rate in conjunction wiwth the word |Iine
control circui ? a pos 08t i ve programm ng voltage to the sel ected
word |ine2 7. Thfea"ay @faiyalblt diglepric nsimoryHelds| of elpimj e furtkenepmprigieg | s of cl ai m 6,

wherein the neeaasﬂstula:ommw%%bmhé@g@olblscuiaﬁid\a@@,uw&,dl vol ts and -2. 0
volts,_ 40 8. Th |s of claim?7,

ctric nor
Wher o7 e ned BT RbiBus R Ryt s BF aousg pRIRGo s SEird pRnegedvy o
vol ts. 11sdreeVélogeis thergbychuatia de viliage idéresebtonghchenasisory cel |s of claim 1,
wherein the poghdink ﬁoiscﬁl!ﬂrbﬁ@le}é&m Alfory Sells DRI € WrGRA tﬁe%mmg oD@ tive
drain voIt e and three tenths of the p05|t|ve drain voltage. 10. The array
of dual YPEVEEs T ¢ menory cells of claim9, wherein the positive source
vol t age I S applying a negative bias voltage to the non-selected word lines in conjunction with the word

30 line control circuit applying a positive programming voltage to the selected word line.

4. The array of dual bit dielectric memory cells of claim 3, wherein the negative bias voltage is
between -0.1 volts and -2.0 volts.

5. The array 40 of dual bit dielectric memory cells of claim 4, wherein the negative bias voltage
is between -0.5 volts and -1.0 volts.

35 6. The array of dual bit dielectric memory cells of claim 1, further comprising a substrate voltage
control circuit for applying a negative substrate voltage to the substrate in conjunction with the word
line control circuit applying a positive programming voltage to the selected word line.

7. The array of dual bit dielectric memory cells of claim 6, wherein the negative substrate
voltage is between -0.1 volts and -2.0 volts.

40 8. The array of dual bit dielectric memory cells of claim 7, wherein the negative substrate
voltage is between -0.5 volts and -1.0 volts.
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bet ween on one tenth of the positive drain voltage and two tenths of the
positive drain voltage. 5 11. A nethod of programming a charge into a
charge storage region of a selected dual bit dielectric menory cell within
an array of dual bit dielectric nenory cells, the array conprising a
plurality of parallel bit lines formng a source and a drain for each cell
and a pl uf-al i t Theefraypédul biedielegicchembiywells of daimyil nghemingleetpesifivesovegabitagels | |, t he

met hod  COpgRekSdnd Sonth BPRS Pokiflee c@aupaﬁta Ia}{@thfié f%ht?so\mlabégee ifn dorbd St bit line
that forns a drain junction wt e channe region, the first bit line

posi tionet! t o T‘Fré"?yl of fival Bt dleéeCEﬁa}?ﬁ*ewy cplis9f eJgim 9a‘ﬂ’ﬁ’fe§‘|ﬂﬁg’°%l“"ﬁd‘§‘i“tel"9]?g%‘6ur ce

vol t age ti@vaes@aaatnthbfithd postévetdrdi voltape Bl t@o RO of e pashivé dreifl vitiagdh t he  channel
regi on; of it he ce C i

posi {16 Hr ai oo Pags PEEARIg st f B MRCRAR LA IR BE | e

bei ng | es$eltfismeneny w5 yitings aafﬁ.‘apﬁd%blt diglectriq memophepih dhe arfap GeemisBeRng t o

t he ri ght piadiliy b@aﬁm&nmebf&mxhg 8 Sourcd bndapdiny foh ghotbieeP @ 4 it AlindrPgaiRIwyel t age to
a sel ectegd on e .of es |qncocons|inunct| on with applying the positive

1 n
drain vol nes llégatgr%e%reacrltce"bh' MEhod COMPIINE o ect ed one of the word Iines
bei ng the vvor dapplyinaemsrim drﬁloww@gatogélrseblblﬁnettﬂaefomeIaér,atnedwh@rmﬁlyhe@banhel 12. The

met hogh of reglbxiiu{@ﬁﬂslbn lfnUﬁcIsfﬂlﬁﬁedméﬁgéf@ghanﬁ@HElbﬁ ng a resist or bet ween t he
source bit line

groun andlt omé%} F source volta thergg%( equal
to the vol tageaﬁpﬁﬁ‘ﬂé‘zR WIVE RS gRaeh & sé%"i“ {fine thas dprmsza soppee Jugehop 3¢ claim
11, furt hernebrgien ithrgelecadpieyiorygreld innegjarctivnewithi apsly ivpiht payitive drainh eltagotn

sel ect ed wprg: bit BRS wk raommswa&womge\%lmexshﬁanw Shsit M&alﬁ Qa{agéﬁ lthecc'h£nﬁw t
appl ying a positive p rarrmtﬁjg) voltage to the selected word |ine. 14. The

met hod of ‘eélf”h'i’el‘ﬁgi%‘he%‘ib‘%gleﬁecf’ t{Bgati ve bias voltage is between -0.1 volts
and -250 vol t spplyid absitivé pevgramit vobigte of a edlcatedronkdf thaherddings ihkenjmegpatwitie bi as
vol tage i 6 aim 11,
further %ﬁ%ﬁ%\gl@g&mvgd&f‘&?n estgﬁﬁgiéségif 1815 tgusﬁ %rdé’ eedf\t/h-(l)é%é(gglg{bgq% ﬁ']; Wng ubstrate
in conj un&‘telt‘b“‘thWStargat? hefeledled memerycsstht rol circuit applying a positive

progr anmi ng volntiea@@mu@f clhiRel 1 SRHRE tathrideg: Ciodphﬁge& remorJathethﬁe mmdm@f claim

16, V\/nerel t he negative substr at |ta and -2.0
vol ts. % frang an?ﬂ BRIy e OPET YRit4sr ?he&ﬁ%%?"égﬁ 4’?1"0 %Q’éfef‘sv mél%lbté e?ﬁte vol t age
is beﬁ(?/veeih3 0 Shevlmﬂnosl of gldim. 111, @urthgrodomgrisinkO applyimg armsgdtiva bies volthggi torthe on-wher ei n
the posit k@S abtl qaﬁes\{,péohja&%oﬁ iR WeR MinORRtrd kikdult Sfpiyifefa folifve p?béra&% tive
drain vol t@%e arﬁd \?\Sﬁ éfnt hs of the positive drain voltage. ‘F

met hod of YEFE: R i??ec B¥EI"Mf t he positive source voltage is betvveen on one
fiftieth &4 th&he peosidtaf visind iR iwhervioltieaggatian biat wotiage dnbdngeen 0.1 hadts pabki2t0i ve
drain vol tgge. 12

25 15. The method of claim 14, wherein the negative bias voltage is between -0.5 volts and -1.0
volts.
16. The method of claim 11, further comprising: applying a negative substrate voltage to the

substrate in conjunction with the word line control circuit applying a positive programming voltage to

the selected word line.

30 17. The method of claim 16, wherein the negative substrate voltage is between -0.1 volts and -2.0
volts.
18. The method of claim 17, wherein the negative substrate voltage is between -0.5 volts and -1.0
volts.
19, The method of claim 11, wherein the positive source voltage is between one fiftieth of the

35  positive drain voltage and three tenths of the positive drain voltage.
20. The method of claim 19, wherein the positive source voltage is between on one fiftieth of the

positive drain voltage and two tenths of the positive drain voltage.

12



