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WD 2004/ 079824 PCT/ US2004/ 000502 CHARGE- TRAPPI NG

MEMORY ARRAYS RESI STANT TO DAMAGE FROM CONTACT HOLE
WO-ORMBTISON 5 TECHNI CAL FI ELD The present i nvePCT/082004/000502

rel ates to sem conductor devices and the fabrication

t hereof and, nore particularly, to a device with

r educ e da@IAtRA PIINGIVEBMOR Y DR A YSRESIST AN TODA O G

bi t1ine cont act SFROBAGIGROINDDIRTORMAINONENDrY IS a

type of electronic nenory nedia whi ch can be rewitten

and hold its content w thout ]E)ovver Fl ash nmenory

devi ces general |y haveTEq:Iﬂl%[CéWE Prom 100K to 300K

wr Tﬁe%re@éﬁ@i’n?e%ﬁontr@l&tés"ﬁ@seﬁl&&ﬂmt& deviRNAO e @a@ﬁ&séﬁéil thEeddPAnY, more
altl Cc_ranaom ac
P NGV YO G0 IR BB 6E e B BT Sy | s

typically erased and VBACK@ROWUNDARTed nmulti-bit bl ocks

Org gs% ‘?151% is aE%)% lot’/ d Jé%ﬁx%g%nglg/ me§1L1 %ﬁ&#ﬁg ?&l, Je%nt%? ?rﬁl%?lld &s content without

rea tec
powewﬁh@rnvmpe/ dpdcss geé%ﬁ@rté\ie\tlée Sa?waff% FOK t@@%évme?ml@ péitig dynamic
rando@kt R hehoR fDEEREY St agmd @R G Sder@tsy BRAMIERs i Which a single byte can be

o RO e LREE ML DL A5, 1S3 3 20000 5o
electriCalineesibleatrd only nasdry (RERROM edipagcenobgn Sieshuehen isless expereivé and more
dense: 'hﬁsbh%g ldgtggoy%?ﬁﬁiﬂbl\?s h§§ e@glggd ﬁ b mﬁ&tahﬂ[c))g (/(Hﬁﬁé rQé%otySWhlch combines the

suc S|nq Menory
advarggeestofl ERRQN density ‘@té@ﬁP%‘éM eleqtiigal @51 {y- i ncl udes a et al

0oX C@tﬁent@@ﬂﬂz@l@ﬂ&h&f&ﬁfre c(oh@edtn{ 2438 ki Qke Whtrkibe E1hlg1<€b1m1hfdﬁrgation is
a.channel

bs
soref G i P60 DR Pl o ST AT RO UL T v
semichinictot (MO ptransifiretiretugdka: (gatres, ndryiniantd dieteeldn ¢ dybstratg ertRewell, as well
asa s&“:k%ll gacfet strh&m!a @\)éﬁ}rmg%ﬂ)e c(tﬁlggfaltlle %§edrg§tfe ﬁlra%ﬁguéeg tlﬁ‘r?l_;ﬁi% d‘eﬂa@tﬂ@iayer

zgaorme on the surface of
(omararsK edgatse tard axifo Ertdes e Sur%%ﬁ %F Pivelbrhs tiskiiepfg also includes a
polys@@cfn&lo@dh@ fgité' d)vla@yn%h& tﬁﬂﬂﬂféﬁhe DX hitherepoid chachtIhd’lﬁ}ef ¢@ellyyng the floating gate.

The 1{1tﬁr{)cg¥ %g csgnc d?ygﬁy %%f{ef? F{{%‘rﬂfl% n%sultlalgo? (s) I % 825%1% Ig)@ nur?ttn‘c;iei oxxdel&g O) layer having
two okidslayeatsard witiofa Egidalayeo X-astip - mplysilicoecoptel date C(@M@)thel ipfgrpqly dielectric
havi ng t wo oxi de |ayers sandwiching a nitride |ayer.
Lastly, pol ysilicon control gate overlies the

i n%erca@totxgaéﬁ gfopreriFd o 2 WPHyiat assop Bl g Bt P ca%ftt%mt%sectms of such
cells El@ﬁi}@&@lﬁ‘&ﬂ{ doﬁﬁg&ra\ﬂ&f Iil allditia, tﬁtﬁﬁﬁlﬁ:ﬂeglbxedf the delis e dobiwicted togtietby a

layer.

cells to E‘ orm uch | nat NOR
d h
cond%:gvefblt(:tllaer T ei channe o gc?nduc% curtreﬁt betgvre%n ttrlle sptéraei aé% gne gr?m tuh ordance wit

an el Field develosd m@mhauielfom@eméqd gy steucturein éhe OR\eentigjimtion, each drain

termlllz{l Dfhe u-l:tgs@st&m{lllﬁﬁl smglt: ccthﬁﬁ'l 1§<%l'ultect&pt6 %Qatn% b lﬁﬁJ ﬁﬁhdl%t AELHhsh cell
the source and the drain in accordance wt

has itgtaskediepte toFpigal PRSP FPGySEeR o HEe oA fB’fﬁ el L sy
sourc' &hﬁna‘ﬁstcbhtﬁ&tw t€a cdnitnoh BrcBSFRhita i dpgtatiat mﬁﬂduaBMMCedi‘ @d dddressed via

the 1eé%ect1ve Qx? ug a{ld w<%r$~I l1r¥eru§1%eg]itvh§e)rrafdeggd£rql cp con daz 1%91&2 fo(l;g %rglgnung (writing),
readifig ca sasimpdinicti®® has its stacked gate term nal connected

L Ogs@n glhéhfz Bif $Rked\VRL § ﬂasﬁ hnBYfory MM Areepr@érzlmn{eh By iplp@fﬁng a C&t'aée&o ih@contt ol
the array have the source termnal s, con

e
st 0 BT SO O & B 09 G BarEfTshHRe P s thf‘fSP‘g%ﬁn A
result@lhlgh eladu® fRiide©s edunud] axiddchesragBientnor ell@i "Fowlerrdupich” tunneling.

Durir}c/’é%isd %clme e?ééng & tlp 01le leecqlﬁlne(lw%%g glgqu‘s t%{eg%hcetgeggtal% gJude into the floating gate

and beozng trmyect ig ﬁ@tﬂpfélﬁs gatesweﬁheﬂ%@tgeatbtsﬁmeﬂrale%*éfdheggtﬁreolf fliglgqiric and the
tunndVBHR! Ns G8dult St (R tRpRE 86 BANBE R RPBIkaYd dTehe@elVifdréadd erhls @hange in the

the control 35 gate and connecting the source to

ground and the drain to a predeternined potentia

above the source. A resulting high electric field

across the tunnel oxide causes a phenonenon call ed

"Fow er - Nordheim tunneling. During this process,

el ectrons in the core cell channel region tunne

through the gate oxide into the floating gate and

becone trapped |n the floatlng gate S|nce the floatlng
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threshol d voltage (and thereby the channel
conductance) of the cell created by the trapped
web@enrses i s what causes the cell to be progr@nmsmn4/000502
In order to erase a typical single bit stacked gate
flash nenory cell, a voltage is applied to the source,
threshBId doltabeﬁ(arcaqnibtrabga lne B3ER1 dofidublited) oBthe GlIRREAL Uy tfRfHe@ Blkdidis is what
m@ ﬁ Hpe dralqils all onwed to float. Under these
causeRBHL 9 GREEEHY 5 el ectric field is devel oped across
t hie otdertm erhse @ wipd singt iewaaket lgge fldsiomemangcefatveltgad apphied to the source,
and the Q&Er&fegiate -Elﬂgld Qtl a%géa[n% %te{ltﬁﬁgvhlﬁrﬂ% d¥a§rﬁpﬂﬁ@ed tB] ﬂ&ala %HEJI %gstelc&ﬁmons an

ow t owar uster at pOFtI on of

electrqc [figld fsi dﬁ\@logeé&aém@\yl‘@rtqnwl ﬁ)@detbﬁt@'e%lgﬁfl@étmg éﬁ? @ﬁ the SVEFe; a’l}h@ electrons that are
trappekt thlda@f ghie OFY folv@d bddRakttgh@pdeon aftlle fldati ght GveS @Y Esource region

regi on of Fowl er - Nordhei m t.unnel
wd i b i e R SR B op B S o
throughhle tirhd atiden gs atlefrodshe ra@ivéd from teerfpgtad gatd, thecdhv emed. onal

S ' ﬂg!)&erpxbﬁ-al Jnlg?esclﬂ ﬂ%ﬁ%ﬁﬁfry qu‘i’c’esc Qnserasé‘%nﬁgaﬁociﬁs ffe?i{nlnreh Eb%teljelgﬁ]ne

er ormed to determ ne her each N a
whethsq ee‘élwelbm aglogk qspet gl faeh cells |hﬁs§efﬁla>§l°ffé¥e¢ﬁise§r %lﬁé?tﬁg?gl%lma%a verification
meth(@f;lbgi@ @foviﬂé iﬁ)g{/@iﬁ&hbn A bRGRelV@sink) aﬁcﬂiﬁpﬁhﬁhon%ﬁiublﬂdﬁﬂnﬁg!reﬁﬁpulses to
1nd1v1§t8g(ieils Vgl}mh%{ﬂ tl\llefelrru 121:1 Iv&%tcelmgrp Taeil eag?rathep errebs&l% status %ttr the ceﬁ s’ agamnvcej:nﬁed and
the prpqeshicuntiduga hintit @b fefl OV\ht ie WCCfea.ﬁlllly ¢rhped q>rmhetCPlhlls myrised; of pryisebleon.
Thl@t{c%gr tdﬁaﬁ b1t h;tlﬁ} m‘lﬁ(ﬁ? @eﬂs l?at/e%eycﬁne%ucﬁ In&e ﬁ@valenﬂ g h@&l@l‘ b'ﬂ memory cells
verif process continues until the cell or

are caggbie of §orgla é"(f’é%*é meprymféqné&aesalgs foeppf oglle Receptly, ﬂ*&lr‘wé’{ﬂsha@my
structbt B 1S Al He@. inthdegedihdt o nd uidllze :bﬂdatnfg| gaIS Rudagmr cyarg}eet}ak)ﬁngfabtﬁnemory

devic%fgeﬁ g_%@oyggl_(égﬁslﬂgcg@?}%g ?ev\ératLeecrl]lgr%e trap%mgt cy gec]gnc ma%egg IITaD%r)for r;|)rov1d1r1‘%‘w01 dline
connesfiong Cenvamsioal {pchohds do Re e@rﬁsﬂ the, chateraristish pssdclatad Witintbespiyyes of devices.
st W&tcHe{rgestr Pﬁ}{gem%%rbems%eruqﬂge@ 8d ntehal aﬁlgj mﬁrﬁei&apblmz Beléktric

fl oatl1 ng uch_ as ancar e-trap %
materihi foggedtoheéfhe élﬁaﬁtrag};lgd %Plﬁé‘}tly‘g Ib}tlime%eﬁe iioglgfé i U supstrptey eBetween e bitlines
and aﬁdaaihgamtgé &m@my g1e1e¢uai r@(ﬁetnﬁllafb fdﬁ‘f&bced’ }blﬁhhtﬂ' atysefdlifies, I‘generally polysilicon.

connegc
Wherﬁ Cﬁlll 15 fu&ge{g)ma%pr npoe?y Cl(l]a.l‘ ese %r% trz%pﬂ tﬁar a g?plpgtg d1alectrlc material. However,

when a@@gtd]oht adlfoyied in thdtadiees byqatact odge thelyi p(l;e@ga ch‘qn@egl can damage the dielectric

chargl H%ﬁgmgtglﬁpﬁgange JIRABRENesC Silch SanREEmidis |1rlclu§eetge dl &U@l dﬂ@rﬁ%@ Wapping
array, a charge-trapping dielectric

seas i 0G5 BIEER BT e AT TP decri ‘9&“‘6@ e ol may
not tr@roearge@ mMeGahdminhe asdid&tic atxerial Bethameren the entdod Holek.nes  and
%%f treh E’le %Esraaé gnr{le'i nee? Bi,\ﬂ%%é?() ﬁievga%a gnlx gov'é@l%u[g{olr)a’elna?s Mo$hich employ
chargp@#py@g lnplew cells Wlelﬁ rgsistant @eiegradasonfr@ﬁnk}tlg fem q@gta% Ppleraon.
charges ar e tr appgga@sﬁﬁg othanoeviehaeeing diel ectric
mat eri al er, .when contﬁct hol es are forned

t h&°Bidte f%%espfﬁw RS Foe 08 GO o BRI G et nd
pluralx@6f bdﬁﬂ&'ﬁlgiemg braxtacts. b @@t thebitliod ame g @lutati@ p’pahmgg mepbieg inevhory cells with
charge- g%gm% d1glec(£r?c Cal?e%gl f&glec?&fer té%ﬁﬁggg gral ordliﬁ&la}éQ&mEMer the

arge t pi ng ere none are
chargp-pienping diglectiSyrraigly élﬁthlvpawrh@e @ﬁ%ﬂdg@mﬂ&ﬁﬁlﬂﬁ@ ogfagts andhe) veordlines
adjactRlo@feiblineR@Mctst e contact holes may not trap char ges

n fhe sane nner as diel ec arth

h S%?fﬁ?%ﬁ% to ﬂ%lpggent 1$ﬁgt}og,ft12)efeés pr{)\ﬁ%aga tElOCPflﬁr t]:) mernor(}j' array
Accoiding totke reetitod fagnbstaens raddddd mpt aoche gk-trapping dielafric aytmlamlf@med over the
subsuq{gpk%hahfg Igﬁlgﬂiﬁesthcrn%@f%ﬂ?zgt I%H&E ¥re ?o%édsan@“@&}dlﬁlgsearg f@ﬂc& L@Pkhe charge-

ation resulting fromcontact hole formation.

trapping géﬁogﬂmrl@:ﬁppqgwp RPOESRS Precthgn Bomed e tseen thgblt{us: cpigsts locations and the
present invention, there is provided a nmenory array
conprising a substrate and a plurality of bitlines
havi ng contacts. Between thesbitlines are a plurality
of charge-trapping nenory cells with charge-trapping
dielectric material formed over the substrate. A
plurality of wordlines are forned over the
charge trapplng dlelectrlc naterlal Nltrlde spacers

o e
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wordl i nes adj acent to the bitline contact |ocations.
The bitline contacts are then fornmed at the bitline
w@onwtars24 | ocati ons. I n anot her enbodi nent, thECPUERE$000502

invention relates to a process for fabricating a

sem conductor device including steps of providing a
word SR §dfeeAckd ik BiilinG tdstdletk@ins. FTOE BliMEcoaActON e thide kit tHRMbitlind @ontact
localtlsem conductor 5 substrate, the oxide |ayer and the

S8 conduct or substrate forming a substrate-oxide

i ninendtizec embodimelntt theeprésertt mrdna@eelatesonpprp@isrey fabricdtispstemipprductor
devic® Inclﬁdn!lgl sféﬁ%'f B&é@kﬁ&g?&&%@%&ﬁbs@a@ﬁ ﬂ)kdnﬁ]%}an%hldé ﬁ&p orptgepg&conductor

XpPOs he i nterface 0UtraV|Oe radi at1on at
S“bS“‘éWetPegﬁldé lﬁ@ﬁf PR therfemicqndisios abstsielfaraisn 2 HpURERERe BisHrs, angshe interfce
compﬁilifg)ﬁlahsedne oGP hyﬁlloﬁ’@ badds bx&ﬁx@hngﬁlﬁorgﬁﬁds d3posing gm @iterface to ultraviolet

radlatlon &t an ei?eg%eyfpl?ém nt to %Heak s11§:019 {éyd IEOIIP angﬁg% %)tm%rl IE% aplteast one gas

ure FOM a
havmg 06g onutmteqapa(btarmdfotmlmwe;twftém b}:n@ntndta Gempearve rangiag frgnegbstt 500°C to
aboutg 1&9& tuhc%pc %uﬁr}p &f@c&en{ & Qo%tzertﬁlplga PJ oﬁio biftﬁ) it ﬁé{s%n% %?{;hc&ghy_drogen
ond nglrng silicon nds 1o sil1con-atom nds;
bondgyy da@kmgmhﬁg bandg| jogsiligent atqnbopdsagng éorming ¢ dgjecticaasge storpee laxer on the

ox1deQ&StE1d@helre@Mﬁ‘é'at 16 8dabtivt BB c@tipribed dsdor 9191% of R&EHinY 8xy@@Snitric oxide,
nprises one or nore of deuterium oxygen, nitric

mtrmB )(au% ozonen Prtspélﬁté)xﬁ%ﬂl aléd thedE%tngés CORPIiSEy orlil@P or%gag él%tﬂe gaéﬂdutrogen and
the athh@hdré\@nbrisgaffonChu 5 %D Solditao GHoutPo% &y edlung: dof 0b hideagase redctive gas and
ri from about 5%
conJLATHS0 0 15 R, ROV ogg T o, 200,
re 5’@15* thegpregepsinenntion PrOViS b8 [OBoprbyewlibgfireriegni g Rt dugThsiress at
the 1n}€beadé/%ét@Eb§1 ofbsttaREnddn dv&@ﬁlg 0N8ayeRE bo tl&%&senae'i)f TitdSor bbth 6¢ silicon-
rese vention gc{:ow lutio QI em

GG v ¥ B oy BLO PR ARG epstetag Ap R
i nterface betweeBREESDISIRIBTIONMODBRAWINGE | yi ng oxi de
- | ayer
ﬁ%cl olglggﬁésg IP%Q glﬁ‘pg gﬁ’afy% 81 £ {riapﬁﬁ rengl{éoorg@até/? ngmes and wordlines in
aCCOféﬁlﬁ@WIﬂlﬁ’g’Pquan@ﬁﬁu%onds and dangl ing silicon bonds.
BRF@E 9@@%&? Tdr §NsdchonIRAWY MN@Sere ﬁlﬂary lha.fglejnﬂﬁﬁrfg%ﬁl&yaell in which

view of an arra f char r appi.n nor
sl G Bt I O P AR LB e T R vib e
invengeresent i nvention; Figs. 2A-Billustrate

cr 91%3 3%@1&%(}'&1@6”1%'&0 s' sEif3n, (Bfocépste%g(ﬁmé ﬂﬂr}éatﬁ)lﬂ af zﬂcg‘afgg %Blin%@electric

menory vari ous aspects of presen
materigh fFpiHE o awgﬂllbfétrpmf @Wﬁréwacgqrm@tw@eﬂ%ﬁ%at ed in

ac eRé. d aneReWid diost-Betion] 4 P& BMs b€ or thed BiSricatBn 6 d shdcbiSik £cddr@ance with the

i.n cross-section, process steps for the fabrication of
invendor har ge- t rappi ng diel ectric 25 material structure

an@liga 8 Wistcltes, irecrest-segtirnUa ppockds etepelfonthy falirivat@e ofom d@mesep et in accordance
with &lpgwéng%emil on, Figs. 7 illustrates, in cross- sect i on,

Er ocess step for the fabrication of a spacer i

ac EBrHamchenific v dingrany gRrely {ligtiratingjsiges of fe PfF%eﬂfé‘%VFfé‘P'ég’dUdmg the
formziuan 6M@Spc&eCt i ON, a process st ep for the fabrication

I nven ulﬁt(l))% apprec%t@%%géer Elmplgmt? gncd {ant&/n{: 1ﬁus r\algon fe}emerﬁsdshown in the Figures
have g@ mespsadrilyjbeer dravaitty gtlp. nl@r stapls thgfdinichsgonp pfesreﬁmf themkst@mta a@mxaggerated

relatﬂ/é’kg l:ak!ﬁj bl ok blgnty fﬂtﬁ@kﬂ/h@l@ c&x&dér&ﬁpﬁ&ﬁﬁ@ Mreferbdce ﬁmlﬁla@%ew repeated
preciated that for sinplicity and clarity of

amo‘iglﬂleﬁﬂuie%at?Flﬂﬁate%?réﬁ?%‘iﬂr@e@‘ﬁfi\ﬁn in the Figures have not
necessarl |y hxwm@ymmchnmmd;emﬁmmmmmtcm t he
ﬁ%{ﬂ I%{glgn?pgp é%tc ﬂ%f ro%%g ste%lcf i I are?égcri%x %%rva%tngtqorm a complete
procqgfoﬂpgw ferapapefachisipg @ﬁsxrptact qreuifs eT@rP@PR?@nWHtF?é 2 bs pﬁs@ved ip eqwjinction with
integfa @0 BRhie Hbricaon MM Bed di@enfty G i€ he 110, ahdWhlyGAMBCh of the commonly practiced
correspondi ng el ements. MODE(S) FOR CARRYI NG OQUT THE
I NVENTION It should be appregi ated that the process
steps and structures descri bed bel ow do not forma
conplete process flow for manufacturing integrated
circuits. The present invention can be practiced in
conj unct| on W|th i ntegrated circuit fabrication
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WD 2004/ 079824 PCT/ US2004/ 000502 process steps are
i ncl uded as are necessary for an understandi ng of the
w@em@gmeras24 nventi on. Furthernore, it should bePCT/US2004/000502
appreci ated that while the present invention will be
described in terns of a two-bit charge-trapping
proceﬁ!@fébsfh% 1nchfd&§as pre ﬁ&@slgatry foﬂMﬁiﬁ&dr@ﬂdlthof 0@ prebehiTinleRn tFArtektidie, it should

s _appl i cabl al.l . char p
be ap%%ﬁ%&aggﬁe g'xe Biese t 11}v§1810n Wﬁl bg gﬁgﬁ)ﬁc} 131} teéxp.lg g § ¥vh %Qt argt trapping device,
membmmMWnemandﬁWmmdhww@uamghMMQUmmmdﬂewbﬂﬂmm¢&ammembenycdbumMal
ina njéﬁgﬁ 51§ ?Q\Qngtbngrg %Ndnﬁmé Q@ntleéa}fg I’_’[{ \!&/19 led b% uﬁdeg%gg; {hht%ge t'h@mvermon is

terims O |neS present invention is
descrifpddp teggsof pusiabidines ghegr et mbqntlcrrn ipdso @BRYFILL G AbeF Bifge configuggtions.
1 Fid UigihdirateSmehof PRI hitvidd tﬁliﬂye dﬂ&\ﬂ)rﬂl@le Bickilettine ui@ilg charge-trapping

e ar r |I| i.ng.
menncfpfelly A€ 200 fthfin g oblgtindibe AR e AE) B apexagpte of
64K goda@ t00wf, @Nexmlemmut/omes ¢:(35)) aIyW1]1 (D@appgmapﬂ teytlzongkigledbifn thy art that the

1/0s xﬁa%rlﬁe %151@52 &994 ch r mgrg r Ingml 1§w111 ge %&cﬁtmh’a'{ o %pa%:ﬁl be a memory
be appr eci at ed hose skilled in the

blockglﬁ\tmgtaﬁgﬁ ohe Whﬁree iy onean Pesug ats 2852235k cte- Ebe apy 1Gan bes
memd¥PBl6ck tHatlis ﬁldsdbblt dr@ [iortldnttheWof |Fobﬁarﬁﬂllep B &Eﬂoﬁiaﬁiﬁie foi@d byt de or more blocks
havm& fon%)!ti % \Aﬁnnectm%]common %etaégletl?nle %gn h 8\/ I 2 8 c ﬁ ZIS z iz gL 256K,

eté ChaTSfferaHllrrgaﬂ}eleQ.tﬁ@St@h?p%n %temh@mvg}h df khe akmerli arayil Q0. dhe array 100

compﬁé:ég {OosQk gr@up@ Qf'ct)fmgﬁk ZthJ %a@tp ord"_"glr gr&?ﬁ %m Eis ccffhpﬁﬁ@ Bpeﬁghp@éﬂmstors or
formed one or nore_ bl ocks aV|n9 cont a 240

eight Ecgﬁhlép&st gng, elgk& EPLTHeTRRY s Bach [P jipskades 8 yordlipe 201 or 20’) wh1ch may be

polysﬂlbcﬂlf @S&dﬁlre@ﬁ@ the ehwe bkiec Wplhﬁahﬁ)loﬁﬁlkln&ag4 fA ndexxiéa@inbk dhitrge-trapping

d1elecérbc r;%ckrbog for irélglfn/g &m%%’/ ertlné ) e]r'aosgg of 11|1de v1c§l al b%% ZE:l'hergienﬂﬁry cells 200. Each

bitling Ygd ricionrgetedfe o st coftack 24@&113;1 rpeg,al bl@m(pcg é‘@w@fat @i g]hitof a group of sixteen

TOWS erd%rgébﬁicgﬁtit 40 at tﬂesotl%k gﬁt)f tﬂ@ér%l ApéhE@n ﬁ@% g Gt hnes aJe illustrated
nplimentary bits. Each |/Oincludes a wordline 2

such {5 35570 gk e R 985 19T FED 8P TR e G R SESPRG rgors oy e
used oQ¥MEct BfweeeloluDits A tyad tehh@dtdrd fgr 1eddinlg) wrltihgl@s eld@ep. Beitween the each edge

word ngags f npact 2'2@ 1s % Q eg 534t lina#r)lg erHl%dlmgﬁt ecLe §§cmJ 54 ?JBQA?&g ?hg %ntlre edge

wordling@Pl |Id leembﬂdtf@moﬂle tph@f %ﬁémayed@elw@sm@lly aE%l‘@I‘?“hf’Bfi 24 ene

embofiadent Be HRAEE LEGadHRyAd fk ESE w&QﬁHe@@lt by?a‘!iﬂtaaéa%amﬁgaé from about 250
bitlines not shown) at one end S| X

g S 00 SRR EUHE S D0 LS g S e
the ed}f @tifdlineAS] S Gamontar 280.g. 1, five bit lines are
| USt [ Qotw 9 Fggsp %% %Ir% t IHQE is @cthJnLa{uQ ﬁw%?ﬂ cl%@s-steeugga ngmcﬁpcell in which
end 0 ever fans I st
one os mpre of the yagieps ﬁ@@%mé therigyenfien may §e@rfteé o eTheatemprciledrompsisps a charge-

trappRk HiSle@fic sta@!@zot) r\ﬁﬁb‘ﬁ'tcﬁ'h@fg St cflzﬁ’ge tfa@;ﬁﬁ“ 1%1; 20@ndvigd Bddkken a top dielectric
en e e

C
oy GO TPAR o e eloiep o PO Wbl CENBGREHE ey repping
dieleSiieseelk 20234 provivss @badige tdnsectumtio thementgecell 09 difirsnigtliddR4a runs

undeljn N chgpg)t?algé H%cgélectr&: thc %@%%gr éﬂ%&s #rekidn % %deads n@ﬂ& Yitline 224b runs

stant ove bl I nes n one odl men
undeltnrﬁ@ thqrheres-irapBiae dsleclis afgckﬁe%ﬁer apsprendgesiRd 2R6 r'de Plﬁeesz?@ia 9§ 224b are
form@a oflh &n@RER phitiad 230 a0 sptfoﬁ@ Bid@panibn 230 25 angstroms to
P TTAFEY ARG IREN SR T Gt SED BEPhge g7 md 240
wheretﬂgetlm mtbtitipdoR@dicdartic tahre 200m land theXAQre trdngistoi. g tawcere implants are
more'ﬁleagﬁy do éé tff‘a[ﬂq P%ﬁe stEl{%[e%nd a§31§ EQGE{% 6f%|\)Tyof fh@ Ql\é\ﬁor& Eell 200 In one

Cross-secti on nmenory I n iC one or. nore
embodigenty ¢ Geh g fé%dﬁe@t"sp ‘féSl?e St“ﬁ%"“‘i T4 &tk ihawnﬂﬁ9vewéft18fa%39 Pfetae bitlines 2242
and 2044 being REmETERSBIay N &henic Ihbl46 Bieh that@Shaandt Prigermetl bayadah the bitlines 224a

dielectric stack 209, which consists of

charge-trappi ng | ayer 206 sandw ched between a top

dielectric 30 |layer 204 and a bottomdielectric |ayer

208. A polysilicon layer 201 or 202 resides over the

charge-trapping dielectric stack 209 and provi des a

mordllne connectlon to the nenory ceII 200. A first

o NS A - o,
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4 WD 2004/ 079824 PCT/ US2004/ 000502 and 224b and
across the P-type substrate. The nenory cell 220
w@ovpioises i nter changeabl e source and drain CcRPEPUSI®NG/E00502

formed fromthe N arsenic inplant portions 230

residing on the P-type substrate region 222 with a
and 208 £d hdssBEP-BFe msrnﬁte.ame aexm@} 820 d@ﬁﬁ1s&ﬁﬁtei£ﬂaﬂgeabi’&$urw and drain
com gl A By U WP BEREat gt N ARE Ry BRI agH 22 it
gate RR@d aspdrt afe psilion abrdinei28eor 3o tWiok th2 28} anf secorgl bitlines 224a and 224b are
illustARP gﬁt&leé’%@& % claxﬂfuctfvpsﬁrtloﬁ 2§)d atnh hrpc%ﬁorﬁﬁﬂldg Sor{mghg?q 15f Jbﬁ@lﬁed that the

conductive portion one. In one enbod nent
bitlingstag 'gféorf%%w hepufusNe POBEBIS si | i con nitride.

Pr Qgcrnaaﬂaoa@eﬂr thd dA@ g&@phing 18yer A6 GANFAd rﬁth&Eijbgfarﬁﬁﬂé MittRGell is
acco%glal}e g ap]r glg v gﬁa%eg Zl‘éerééa%lﬂaglcrl ttg% %ateqaaﬁ éro% gm [ (s)ufcg llﬁgvotltﬁ%:s aenerate
electdidalfictsih dpupahe chand cavgngdlaadns wneceb@tearmemlefrm e auhdrafe laygy 222 into the

char%fe h§e§ #Rs }uﬁlﬁﬁs%névmeﬁot détrob BleQioh Rehce GHA D6 LERABP MBI energy at
known as hot electron injection

the dg}nnt&@e flfférm@bgc@{np Bfﬂ)gedgaaql Jempip gorpdyia the élﬁaége-gr?ppglg layey Zp@lléaar the drain. The
cell zdo i@lg&.eratlﬁﬁﬁ&nﬁih@thé iR sndREERAR 1ﬁt£raﬁﬁgeﬁleaﬁdceﬁlﬁmg& -trapping layer is
non- c&P Et%lg a.lfﬁst charcge ??ﬁ e Enie%teg 1r1%{é1)?hae| F;Xge ;fn&,l%ergil:(])g %{aﬁae first end of the
centrd;rqmn 2@ﬁm§d 23 mehaweéﬂbn@@emng @@bhee:harg trppeing lpysr 206 near a second

end of tﬂ@ EQEa bdRR @d)Sn G Jh@)ﬁ%(neﬂ more e lonk tan' b@ Qore@mftﬂe cﬁe&ge -trapping layer
care2§4a can be injected into t ecar e-trap
n?gg be stored in

206, Ffaa)?é% 2 Giglepitpemprygelf 300k witlpg a@reciaﬁ%thatéé’mt‘i‘aa W"rcéﬁjﬁ“d hig
the cmgé tBppHRtQBctoe iﬁakreganez&«ﬂm Cftinp @ memjre aauedo thattis@rdataethan two-bit.

c e%ts ?rg]ugurs Qﬁo tegl g'f 6159Y C Z%Ea cafl ‘;E)lreasrt%eedrslg o ée %ﬁ)gmgqaﬁer B86 at the first end
of th@d%trag@glela?% bei thet secroe@23|4h cap hestatreat the setccrnd p:pi of the bearel regibh 205 such that

two lgtgé.m dsfa€ h%or?céﬂli@d Tm Jualm?t Ry G&ll 2|00 %%Qxerail)t snynlethcab €hus the drain
preciated that nore than two charges can al so

and GBS TR ahgete e pinh g e 5‘%%“"2 ehg it tﬁfém@b%?é the second
bitlinBBIWB @sf the @)ﬁxeéiﬁeﬂnﬂlgl ﬁheﬂ’ﬁﬁ@ﬁ@mﬁ@ﬂhé le2 6@ Ltkbvﬂlte ths segdné Aitlek 224b may serve
[ ted
as th%%%n termmal %ndtihsetﬁ'gé% belgx %4% ﬁ%he)é uécreg emltn?‘l 506 r%ﬁ m.im%é th n% gl?
th éfhcfsp $kslted &t artoyfill Itemmz,e‘ém foalpronee@myﬁmm% a gipgory Hfél array of the type

descrIREARGE, &3 élpct@cﬁlrbhagees 5?749 rz@ﬂa ;?éfermﬂerelﬁe@&@cmﬂed@ﬁ]ﬂe fégwﬁb'%@the charge-
entral regi on. 205 su an resi

trappﬁlg %ﬁ;oq:r& 101266 1mt-1|a|l‘]%1n[ﬂ(l>jlafed bflirthﬁﬁlﬂrs,rtgps%s& lled 1?6]6 akt genmp l?y believe that
damagenarladsi ofie shtinatRirgd-tepping didbdsic btk 200 @t the 20e @datlode @1 occurs during the
proceﬁﬁoj rfcg:rr%ma Ehg 8?n€aét%é§éa gt %’nge al.gfﬁd t?': A ?'?ﬁh %ztgxllﬁge 1{1‘%; b2 %auped‘i)ll glgsgm charging

fromjgilge |tqohe Sgrh damagemighisausoiess tq kepariesaizhvihibhbaeo gielasiin Lagr 208 so that

charJepz@e chﬁf‘ frfectod 1tnt0 tHel cKa@éMtﬁﬁ‘pmgtlzl}gr 296 ARRGy AldidgitReneidd b,elfs@% adjacent to the
as the drai n termnal and the first bitline

Cmm?ﬁﬁﬁzﬁewﬁwgu§dﬂ?@§r¥ern1naI for programming the right

bi The o8 dedciiptioe df theprdséngingmtionsbllolvs witcrefgrencz @ Higsad-8.fKigs. 3-6
111ustg1{e R %LroBs sg(glgr% gx\?)géspsgeﬁg For efg?[}%&gog of £ Jﬁ&:?ea&a@ﬁ%{%&?&ec{rﬁ @ta%{%@structure
and 45 edee gorling 20 etrpating the%weatneaecordﬁm@ lyéh ihelgveeﬁ@ Bies. {/f§dllustrate, in cross-

sect1&ﬂ)?d’cgs€ stégR fdr iR F%Bh&god Y %acezgﬁ e{ck)stmti}%hm ladcoddgncé Wi théﬂr&s&nt invention.
uce

Fis G IO VB STHAD KRGt 6 PRET 8 Op B eI P
invergibiar ge- t rappi ng di el ectric stack 209 and the gate

el ehd ﬁ’lgt%teﬁ Qﬁtheo;ﬁ&% ﬁvéﬁﬁgnl Jﬂgwx{ slaﬁemaﬁ!a@gﬁ §1§ daafs stfelpéloﬂ.| d¥8miconductor

t he contac I's believed that such damage
subsWZ%g ptog@gcbad stwn Fé_% ﬁ.aTl'@ ﬁeérpﬁ)p%tor Tpsy e %%}gén hegpy appropriately selected
substRAtEIRowiainag ert. Sugitle sei@id@uce aibgass iaudd FoaR@nptabigidilicbdsemiconductor

the bottomdielectric ayer 208 so that charges are

not injected into the chargestrapping | ayer 206,

t hereby causing the nenory cells 200 adjacent to the

30 contact hole 240 to function inproperly. The

foll owi ng description of the present invention follows

W|th reference to Figs. 3- 8 Fl gs. 3-6 |Ilustrate in

o o, o o, s Y Y T Y
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substrate known in the art. Suitable sem conductor
substrates include, for exanple, bulk silicon
wa@eetomseuct or 5 WO 2004/ 079824 PCT/ US2004/ 000BORUS2004/000502
substrates, silicon-on-insulator (SO) sem conductor
substrates, germani umon-insulator (GJ), silicon-on-
substfa@a rglhtdh&m(@mbr (S@Bﬂeﬁﬁlﬁﬂﬂ&&r@ﬁbsﬁdﬂ@ﬁg@fnﬂhlﬁrﬁwn—ﬁﬁﬂamr (GOI) silicon-on-
sapplﬂrﬁ EQ\A%?&%&J({(:)% uctor, sutfkg‘.gattterlsgatgg sse fcglgec{rl;ﬁorl s%&té% sl'f]oaﬁeﬂtotﬁcr ma erlals known in the
art. Thee preteatdnventioa fynotdiamited to gmy@mumng tpoff sedenndugiodwbitrate 222.

Su §§l¥ &@ﬁﬁg .3, %ﬁe‘ f!)rlnat[oﬁt)ﬁﬁc{ Hotién &ﬂedt:ﬂicgaymszOS ¥shlﬁlstrated This step is
formation of the bottomdielectric Iayer

showp peepefigally Bdie: T 6P % fp oo Hgnre greﬁé%"ﬂltt%la|b9ttqnﬁhelectﬂ° fayer
208 1Ho@ned Bved She SdnRfdnEIOGr subsRate®Q Omdad Dottt telvBitdd BS&RL layer 208 is

sﬂlcon I310){1det E&)wéver it W(l)ﬁ rgnqrgclla%d %)btthi)se gl?ﬁegﬁ-;z‘.ge artﬁha?the gottom dlngg.rlc layer 208 is

SR AV
not limfidsigol$ilven flioxiden én dye eripdimgnt ghedtion @elbc@yézrye@@& cqneprises a high-K dielectric

mater?d.l c&%m@'d%ktqgmatmy\%ﬁlaq‘ﬁa'tenhltsuﬁﬂa}ltlall e%Pa% ﬁ%ﬁ ﬁtdﬁ:g:cthy material. As
those kil l ed in the art that the bottom dielectric

used peggjy fhe Sy " idhK el HHCEEIPefoE (o e THIFEB PR ofrpt gt 10 o more,
Such ﬁﬁbﬂ(ﬂﬁd&ﬂﬁt matbiib® ifp0ikiE, (ﬂﬁﬂsﬂmﬁlle H{fO{ Zm, |aﬁlycﬁfer52£ﬁe emmﬁ b8 @Bntified more
fully Qek%w Qn éﬁnerdl t%e t%rcrril: 'rh{g (ﬂ;? Ctéul:,l S r}fﬁ tenca(_)fnf)npsse]g rmary q?f HAT g an(s l[ugher oxides and
any thOglhclIK rghteezllalé@tmg aX ﬂfalb@lt 10cple momslnﬁ@dlwetde hgrle lilﬁleCtllwmﬂteﬂalS include,

for e{aﬁlﬁlm coxnﬂ)cgilfb d‘elééin@ Ln@t@ﬁeﬁs' chh Maﬁﬁdnﬁgﬂlcatﬁ Qxfhféﬁ Bash & Rabout 14, and hafnium
dielectric rraterla hav K of about 10 or nore.

silicoggrypitehie giak hesi adt @bt ]é ﬁ‘?ﬁ?“éll% A ﬂée fFlﬁttWe GRpeent §f B’fyg%ﬁ%?f%‘%e“ and
hafmhnlﬁﬂﬁconZﬁrQ]B,vﬂl[bdhﬁtahﬁfbeouﬁlﬁﬁe of whi ch ar e identified
e111tabl 1rgh ié dre ectrlc miitquals %eﬁ]lgerzab H% zg A df ?, g)h 51JI< cates ot;jpne or more of

eria enconp
Zt OzHﬁf@h 00 b @obm @i almamxesfoéw M@@erzif@z m &hPa Lazﬂa\ﬁuﬁ@leépgh X

dmlcé&&ﬁat@@@ Hiko i2dud® Eanﬁﬂﬁl%mdé @azégdiahﬁrﬁmtanakrﬂﬁam& Rirakfium dioxide (TiO,),
lectric materials inc

ceruoBECE PP R P GChi h e ARSI e S I ey (PoTIOD,
strontl@Stitshatd (S}T1(B)bﬁzlﬁtz1rdgﬁate enrtohaifuipktenoxide (F0))] yeteiim oxide (Y,05), bismuth

r u
siicot B4 18t SE Rl ol BrABEL S A6p AABERARLAR D rex
(szhﬁlff'fﬂm HZ% (HoE et andl B‘ér (P bt lehOma dn digongp thy Eﬂfﬁgf’mg.’@gh -K dielectrics,
other® hﬁ@@éle%trila @ dfs, S @Jaﬁﬁ& Eért@elé@k@lfgh-ﬁ Beldetie Im‘a!t@ﬁals%ﬁ@?as lead lanthanum

A1203, Y203, La ilicates of one or nore, of
sy Gt G R3S, Do S 4 g AP ES B P BRUGE Presen

invenfiod. €Oti@F high- Kﬂl,eled:#lcﬂﬁateri‘a@ @R wn a0, inGeditgaibl eﬁadmlegﬂ‘iﬁai@ and ternary oxides

oxi de
SRR LR 2030, S T S 06
( TIA@Wd hepein, ¢he ety mogms%he(le@j@@glyterlql TREs Eriuiales e ghaterial comprising the
elemdnks®2£8ehst tl AMePAN LA Rt moﬁﬁésﬁﬁdlﬁ&ﬁﬁ'ng%)ml g8l has a K value

greatetz‘:tl%agg(ﬁtéic& neegﬁ%, e%)’ ahlgkb%glgt I U t a ate Srcg}r%le(%'gﬁ)c a‘lﬁilena?may be, for

exampie] achaixe(d¥iRBBYxided Iﬁdnalltlhlcatesl theitat ﬂmmoate on‘ea e Bl rdiSid20i2ate/silicate. Thus, for
r 2 T
examP@ dsM%a‘ngnQ %3%6%% %e (:%ﬁi]%l %% 13(1§£ter1a1 ﬂlfgr%)e haff qucomum

Odee((HB% Qebygegyngespeieyem Fnd( bﬂ@@lumvﬁllc%@ﬁloo |hAfiEdlupingi <HfA1205> or
a haftumn ]Enb(@d—fllﬁkhﬁﬂ@éﬂ[h@te h{fgm&z/mcgj Wfich rnia9 Eave a fa,tdmar subh 29 Bf,§,A1,0;,.

com;ﬁi;xta ﬁle%cna? 1811%‘%1{ may t be %?BIPed bP’ aci (?eposggrﬁ of altss c?mggn n{ e?enieﬁtsa i) br% s&qgentml
depotifidndoi@tved bysittredmérnt siep, b Shrorhdh tréagarent@iogbabinetihestrretis to form the composite

dlele&hg Iﬁ?ﬂ%ﬁ Sﬁl@d@le %{ais 'flﬁnth% lm'i}ﬁ@ Hllet&i@utié 'ir@ﬂlasﬁlfc‘atg %tapa@unur?a%%r In&al mixed-
resent invention. O ielectric

alumﬁ*af/@ Geiglinclude, &Rﬁxalnﬁle’thﬁfélu’érzt“°°nf“ﬁ’eﬁg’éﬂnrf§“m‘f - ptalamgifigiugn. lanthanum,
tungsibin bashivith giacturh, @t dhlltiny, s@XdiGhe Siobitk@ vl 184, ok mvdilrésaisereof. GatkeOmEtal blides which,

or higher, also may be used in the present invention.

As used herein, the term "cogposite dielectric

material" refers to a dielectric material conprising

the elenents of at |east two other dielectric

materials. A conposite dielectric material generally

has a K vaI ue 30 great er than 10, as defi ned above for

- . . A L T - .
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alum nate/silicate include, for exanple, hafnium
zirconium yttrium cerium tantalum titanium

wo 200ttlozas8edn  t ungsten, bismuth, barium strontPCIUS2004/000502
scandi um ni obiumor |ead, or m xtures thereof. O her
nmet al oxi des which, 6 WD 2004/ 079824 PCT/ US2004/ 000502

WhenV&BlﬁElndam hlﬁ)ﬁl@l‘ ﬁ»M'tetl &1@@10&6&0xmtoadlun@?ﬂnd@ude$r b i@k thereof, yxeld a
e_or. alu m

mate%al I?X | d Ve & FI vg ue ﬁf‘f\ﬁr at RIS 53151’) orx&? gjggf éet sulfaﬁlg.n c?rﬁ%(fgp%ftXe mixed-metal
oxides inkthlGidirated] metxi adlmmy)r el siiked-ainhigate/ Hgnte @xenily ene vthive substantlally does
I r
not réﬂt)&ﬁtﬁ s1?n&§)'(1 Z(lé polyst %ﬁgrﬁoar‘ tpH? Eh%{) I g?{ar{lagﬁ?lfsﬁ geﬂ{fgggtnges & a%m °®
subs psshberext th tegre enolysifigop-eprmapite’ \mf%rhm@unmt%# peb?lhcon and germanium, in
whiclP@é yeﬁhdniuﬁ%ntéiﬁ va@@d %ii JiHaQ ﬁho@ Qfaﬂ‘ii:ﬁj Up abtdht 6D HP Qi by @Smixture.
Thus% E Ol,tlt 600- 800 %sm % her eltn t he %pgrbm oht. of the mixt
"BATPRT P %?B?F“B%‘P}%F?P%f o2 SPRINEATP YL P (Rt {0 By pveieht, of the mixture.
The pobysili®nzgeraamuramely tydormredtiyam medthed kneiwin @t the dntei.eg @y dapivic getysilicon with
germ%ﬂﬁ 6 cé!@édoﬁt?onfi%lo&bﬁdw ghtly nore than zero up to

bout 60% by wei ght by the mi xture. Thus, the anpunt
of Inye praltoriientnths borterm dieledtricdaypr208iis eyt byrwid#ion pihespface of the
semi@Bdidibr sﬁ&%tb YZZV\ﬂ’hQ&_ldatmﬂfls stut'zlely Uﬁrﬁﬁdld)ﬁﬁ)y anyTaBﬁoprlate ox1dat1on process known

i AR AR R G oo TR PR A Oy ST BT 9 xmel. e
RTP geprm@snian bg pagiof ymgovatbe fzi@s%r toplo e Hotdom éixleaty 1eyer 2D cdnplsobegformed by
a depgmg og&p Euch Eﬁﬁa{ﬂpﬁlgrﬁ’l@ c%n%a?&a Srl de(JSl@bﬁF('kngg r§te§cs Ofnryﬁcd

by oxidation of the surface o sem conduct or
embod ety theRE @Q?at“%@ﬂa% traleivehr ‘fhégtegi‘}iﬂt APt Rpttera fiplpeidp 1gyg 208 can also

be folih)éd awep&mg Q:B BieRd e 10adriaat 4 @fth m@eeecs/& 1R predaure-tH3micki8apor-deposition
é)grf)cetss n (gnf: e lpodl%%e{l e ligﬁgntl] glelg%‘lc 1 rerOZ%S %s%egggted éx(anﬁ%er-r émtable method,

own it
such aﬁ@CVRTﬂlapﬁ&W@ leDCMhD beMPaY®- Bfe G¥DsatigH enayveefagy appropriate CVD
methgdl&g‘];,ﬁ;lﬂ{e%ql The bottomdielectric | ayer 208 can al so
for med 114Dos ition process, such

r aE pehottre Plﬁlﬁqtﬂfdh‘/é 08 sgn-haq B Gtickerspts &pmjabpt ?(Opzﬁr@g\zﬁ)wo angstroms. In one
embdﬂfn&ﬁtﬁﬁébottblﬂ dﬁlaancllﬁyee:ms milarmdkhass $flasouRIDD adepais AR LIGillibS recognized by

thosep %Tl?d in {th; ia.r& o (gq%clze vaf e(g:s e{rrl%y HS&S‘?({ forb(fc)zpci_smn%tleﬂtgbqgtom 8lelre]:’<]:tnc Iflyer 208. Asa
result df ghe firempiog sten 9@4 e kreapprapriaie mﬂeéilofb &he bpttofn dictratcie 13!?)@} 2@13 is fofmed

| o‘ﬂi tﬂé‘ 1%%%1&5 154 tﬁgﬁ&kxﬁ ﬁlk/en}{@lpﬁf)wrds%&gﬁﬂmtaﬂﬂﬂ Fi (d—aD @@06 a charge-trapping
nbodi ment he bott'om (%I el ectr

layer|2g(§,1é Forrgqggverr &e&%agmtleé@lc B,Q/'er g(ﬁiotAﬁ ghowa i Rig fy agerr%{nhlg 816 bottom dielectric
layer208; khe ﬂ&rﬁ-ﬁ@ﬁ@gg 15¢:0204 AH@VQ}d ovEltha, boMnDiﬂEctrMD.OS Tl!ﬁ endMibodiment,
the cﬁTe%e tralﬁ)bnn%er %6 fq(r%)rlsegp ﬁ 1?? gn Fno eﬁ%&cgrgent t %%1\1/\49 e-tr appmg?ayer 206
compripgs @ Ruifemshighf K ﬂlplemlcammtal mnotbfr arbbmlme&tst@e ﬁlnrg%trmmlayer oo

comﬂ?i&% botﬁmgrdk AR tric &n§1aba9§ £ Qi elaeetdit fﬁatlalﬁy @L[ch 203ichABi&. n one
hi ckness of about 100 strons.

As |
embof’*é‘l%tg‘l‘i? 2 zwom}?rﬁffé‘é?mgl???l et g, éi’P‘Fh COH‘PHSé? JORBRRHe Or & reaction
produtedfinedks nmyhehhemu metekiafspone olioyhixa fistai h@ -K digtechiptnta@ial and the other of which
may ge as agc%%ir 4& 8],616 anmaé{:n%lrsgcrgl'ro‘lg‘:7 Sall 8n 1}1@ ?% ”Itém In Oép %Ig{o?nrél%?,%erh%h-K dielectric
mate@ﬁl eqr@éetem repmcwéqeowsdq inthe ehpigetiapping layd @00 dxanotherepbegfment, the high-K
dieleéth@m@&ﬁﬁg gﬂe eslePEREIM or c&iﬂﬂ)é@ wﬁlp E;g@ssa};ﬂt&@ kd ﬂdr(r)rl6d’bh$:r b&trapSing  layer 206
a I'S

as ste cha rapp
In a“f_’)@eé Fm?cﬁ%neﬁ e gﬁﬁg‘é{%"%‘éé tﬂ?“ir 8 f° 22680 ‘}fsdle ﬂ‘i‘é’\‘i\/ﬁla‘Frﬂ? #55"51 replaces
silicofh nitrdrfet Buitatilokigh-K dickdude tyxodritlofor abe @l achighfK chargé-mapeing BB are tibadosed in co-
pendﬁg @rSg Fﬁ(:raécgl@em NL EMB% %9 %le‘d%e %38‘3!1 tZ@gl ON& 1&&%0?&1%%%% by

drelectric |ayer . I'n one e I ment
refergpefiorits displagytsirelefing W Korigposip patptialsder usg ip p elt&fseﬁ'mpmg ¢peger 206 of a
chardeftrappi@tdRRbrieseedoorent , the charge-trappi ng | ayer 206
conprises a suitable high-K dielectric material. In
anot her enbodi ment, the charge-trapping | ayer 206
conprises both a high-K dielectric material and a
standard-K dielectric material, such as silicon
nitride. In one 30 enbodinent, the | ayer 206
conprlses a conp03|te dlelectrlc naterlal mhlch

o o o o a o . o N o
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pending U.S. application Serial No. 10/036, 757, filed
Decenber 31, 2001, which is incorporated herein by

wo edoaomasee for its disclosure relating to hi ghr&r/us2004/000502
dielectric materials for use in a charge-trapping
| ayer 206 of a charge-trapping dielectric stack 209.
7 ¥XaB10 Ddih&if BB dposiich bﬁﬁ@%@&@ﬁ@fﬁteﬂﬁﬂﬂy&ﬂ;ﬂlﬁe RECVID Afher chemical

At A N kNG T Y —
CVDmBtHRb kS rheafor tiiHonap P nabial st trotiple T VOVEhod may be ALD

(ALAVBY) %@VWO@QD%PML@HQE&&%EI BhR abdVReBhEcBown | n t he
art for deposition gh-K naterial. For exanp

th EOIWBg ﬁ@?ﬁ% oﬁtgg,chﬁrée Kzﬂngng lemgﬂ?w the pm of M@SW f'\br1c1tmg the
mechAL DrayllOD adah Edh@llihtl&aﬂy inlFey, @h@M@%‘K&Fﬂ)ﬂ) ﬁﬂ&ﬁmm is 5ormed over the
chargie (Eral%ph 1aﬁg 2?06 a sulgalb]g ?etcl%flque hl%e &)g %eﬁ?emt 12 ae? %él ar-;??/ p{1ﬁ: any cg the
maternbyHElpsed nhoaglfont@@bottslh ol her8) Ga bl hebric@iriayer 204 may

comp%geesﬁlcg‘gﬁomd@ ath%ﬂ I@dl&écﬁfétnfaﬂeﬁal Llaaycgﬁlp(%fpedméle%mfc %@Eﬁ aP¥ehhed herein.
char e-trap aer a suitab

t eéﬁ HognE. Terhaty 81&?08511@|ﬂ§e’ﬁrs°&ravpafgﬁé%yerz?@ﬁ “r?é‘}P it faucs 204 is formed
over taBiyharyk- nnﬂpag laR@aRed. iTat ®p dlblsmoo@exdzoab@m fhraed bynay hfﬁiobt@fﬁ method
knowg 1netll {[)n c%le lenal‘%glmel% t e to F(‘ﬁelecﬁ fi‘ag T 2@4 is 'forrgedtbgl Qn %Isglhs%%m genel ation

conpris
ASS@i O@ﬂ@m pfi ﬂ@e qmtr eurfagelof the charse-trpde laye 2¢A. db @@tembcélment the top dielectric

layerm 1§foh§éd by %H’ﬁ@ﬁép@s@tﬁl’n Q% Qi fe REGTAS L@b@%e{hgds Eibsgmbeé above. Inone
er deposit har ge- traﬁeééulta ayer 206,

aft t he
embo@&ﬁntdtf‘%tf)%@flﬁtr&f lzryﬁr)ﬂgi} is éep@m e%b)f gt Q/@?thcidhs(gch as PECVD ALD
(ALCMIRYD; MLB ppMOQVDaYEHC\Hﬁﬁethomﬂﬁy beQfy Shpepead TV mbtaqa&nown in the art.

o%hun’q%{e c}ﬁ%&re—t?aﬁglg di %%’te 28 B(?Qolp {olfn{fgci eg {be a prr?cgt[é?wnt the phases
“Chal%mapplsg digdectrisanapyial§ nchlaltge gappleg eleckin S@éﬁ eraichasy- tralepllrsS@)ecu ic

strucfé? g@ﬁliaéﬁﬂo@éus&nﬁteﬂd% npurface of the charge-trapping
| ayer I n one_enbodi nent dielectric

| perosi e PGRRAG DY TS TSI PIEDHPChE e g 200
accorhcAAthalke prdyvaidnhOdsdiche Bigdr Rtied 2@hofemed bier ta @p diblectric layer 204.

The %Igpfgg'lll gﬁ rOcests 1 eglL ?? apg‘éc%%lg %togth (&/oﬁﬁégﬁﬁé%gge \KL%&QS%OE elq‘le layer

r suit sSuc
formlea\ﬂ_lwwhne P13 20 My sPrISCVDmatTRk koY Dinstab del spph ypseh Borgxpmple, the
wordﬁx@@z[y&@bl &2 %oﬂiﬁﬁsg Qayshle&%bblsmc&lth@mﬁﬁ&m a meRYSlicide I’lﬁnetal or any

arge-t1r tric_ materi al orne

otherqua{;lg étergg%?;ga g’é‘teé’ﬁ glpgum};}]é pbtﬁgxgmé andie cﬁlg'g @rgcelssrrglaﬁg}eﬁ carried out
to deffiealic@bdrge-tappivg didldcaik mitetiat ARgEwdrdlappilng 2@ he@eikilietin the art will
recog%{z%kt varﬁ)ﬂg%iteus e I?nrz]a%eg%}so ﬁﬂaglsglbi? %agrgc%tra lth%gvox%t]ﬁe%gi %ﬁ{;’@% 3 S(ample the
wordgneggl @r@%cag @gfornfeé Mtbwlng/stpl ﬁﬁpqnoqmogﬁloqsﬁ@con a refractory metal silicide, a
metalCHHAkEGkd. r appi ng diel ectric materi aI 209 in accordance

Wi t he _present invent a word er 201 or ,

05 oing SRR BT i B R Vo b oot v pge-apping
dielegdamaatdrigir 20 btriddptwpandiceds wosilieOahidyhedigpk iocaibh & thegomat 240, as
lndICMIQ Ltéprbq§ 3 9 aﬁ i gqxg ?on)ﬂﬁlgm)t{ t&%§nt%pl‘ilole 2-58 ?laerfi‘zyfﬁ;m edge tools can cause

rmng the word e 201 or may conprise an
damaﬁ%te e icarecitenis diei?ctflh@a%rrat 20p errd t%ﬂfé%? ips@ine Hgr T@f@é% [por to the
formitlb@of tm&dzlct Hude ﬂ4&yl%rpr02&ﬂ-ve@15acez o 1HﬁMndd@d’lf&[pl p‘B@ent damage such as from

plasn% kry ne fmbogunent tl?e s\é 43 18 a n er %rpae%elr U'ime n?

or ~any a8 M N paaf:er ﬁan hm s'owﬁlbmetry of
S13N¢ ﬁteadéqtlpn oter Imateh@glampﬁmsw fpyalietspaceri2frg swh eb: sliconiifige, pﬁlmelslsmtrlde

SlON@“y Tﬁl@%ﬁ‘cepﬁ»él %%’Ee@t’s @1@ Q%U Iransﬁt&s ﬁiﬁfl U’Q@ad‘ia}ﬂ&l m%nttagt @&P"[‘EQ prevents
dielectric material 209 and wordline 201 or 202. Those

damagg on thegeqnipchetehpa theegejordiines ecogni ze that vari ous
gate-form ng materials can be used to fabricate the
wordline 201 or 202. For exanple, the wordline 201 or
202 can be formed with polycgystalline silicon,
anor phous silicon, a refractory netal silicide, a
netal, and the like. 30 Follow ng formation of the
edge wordline 201, a protective spacer 234 is forned
over charge trapplng dlelectrlc naterlal 209 and
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Si3N. In addition, other materials can be used for

t he spacer 234, such as: silicon nitride, silicon rich
woprdoniots24 Si ON etc. The spacer 234 protects tPEer/Esye4/000502

transistors from UV radi ation fromthe contact etch.

This prevents damage on the contact etch on the edge

WO iHné &5 dimSnt M2 3843016 4B tyGebh kiS4 REENVDBRPEERAD héihdaN® one

o SRS S SRR 28 Sl LB SR S8 3R v
MLDRBMOCYDd @p@@m ecthis\mag ho iy eppraptiats GV erethret inoeh insaeh asne
embodglgh{[?! lit %Qpl{l(%a&\é\(gh% anﬁ) L‘t@l&% BMCQS ﬁ[{ CIAW Qﬁ‘rle-glggt t%@n&ﬂﬁet sja%g 234, In

be a ropri at e
one eelh@hmf‘éh% ma??é%%% raagel foptibyt 2P 1Pee AL BPH M@ aaaﬁ@on@t f@ﬁ inrpge
embdiRBEEH dBBY 750 WL trBEs t6 ok mb aagbtrorh@ ek eRsodlnRe:, BPPEREs 234 are

acer.s 4 ran from
svos e i AR B PO PL o LB GG PO P e o
wordie@0l.enbodi ment, from about 750 angstrans to about

12 Qnooné‘élgo%&ﬁm@ﬁﬁhe é&e&%ls ?&H&%h&ﬁ%ﬁ it ab"u!é %e%ﬁﬂﬁ‘er 2%1 ath (L€

about he same as th mat er i al eposi ted over
emquW@mcthea%P@étW ﬁﬁiﬂa’ﬁﬁd forafhe W?TF“FIE 2%%?463@%11%% Higlertpacer 234
exteneﬁ@al thA® Edaluzu&ahe?e@ge wdrdlm@m f@ﬂh@dbﬂf@@ £40 driBreSRASRIbIIZB424

ch .t hat uts t
mterssﬁlgg %@e‘ﬁg%%‘g]frﬁéé]]t qn R & m@ glérggt as Q% a eg 1n514é%j g,ragfatélast?p?%yﬁﬁ 802 is formed
over thhgordine @01 ané th S’pkcer 2¥ popreo miiiocngrievonta mgtening | Bhe spdeciguaterial may be
any chﬁef}:t mﬁéfa?&g %el%fd&hbyttllﬂ)@é in 'tht: ar%’ @l@:ﬁ‘ 5@:!09&% shlbﬁe %gﬁ orwa{:u% 'mﬁ&de TiSi,.

fromthe contacts 24 nor e han one I ne
In adiilﬁ?“e'ih%?é@”'tﬁtqi? CRvenTRY By S%Btrlﬁmtfﬁlél éloaf.chtlprh the ﬁ@rgéﬁ%wg ﬁ*éﬁftfw material
209 oaﬁbd' slaﬂaﬂ&ﬁ frah ed céxﬁhcﬁio@ 24(8by deefbcteit fbterSil, Oj2h hidykele 1696 Ao bBvide further

over t e spacer 234 prior
1nsu1%t18n Hcﬁn% (}aén&%e lelcrtln*recf %urmgctlge Cf eatl n opt%% contactﬁur)]e “The cont act

mafCkard lab bmgascb@ed nawyordmmvatb the prererdipn adhargstrappid emerbapdrapesistant to

dama%g&?éﬁed Jﬁrlﬁg]tﬁe f@fn%ltloﬁfl 93?1ta§t§ anﬁg BI%ISJSS 1"511 ﬂaﬁrfébtglg the %' %he%esent invention
there@%e&%giﬁ%@ﬁ%@'sygfr%wnwot%f %%fFf? épgfrlf'él bﬁ%fg%refl%ﬂ wordfipes and bitline
contadtl AT Hisl pdvided NBen@haii@ethit et BE billire leaiepd.i ¢ Mmaterial 209

can be separated from hol e 240 by

di el ectric material, ¥ay er, to provide

f uMehew arrdypleying bilioes afldf \mﬂlmamigbe auweuylbhe @diamﬂe ifrpigy cqnpet hole formation.
Accoﬁﬁrﬁ% th@;ﬂes&{t 1n§/(13190rp @i% @%Iovia&i a%{/ste%fl ﬁletn@isfort}&ﬁanéjdiﬁlge ory arrays

accordance w th the invention a charge-trapping
dur1nﬁgaﬁx5a[tx9n repragrt holssithup ipproving the BerioRARCS CARERF 8™ ur i ng t he
f o AMRLELO the GhvefitdA t1AC h&en adetribed pn® ARS8 Satddowit adbdrdneato specific illustrative

emedQn%nt?t%ggdf, it-[shn%t 191%%%(? tH:}t thle {1]1\\{%1 gnl bg pmitegl go tﬁolgee i[lusLa 1Ve Cﬂ%r (9 meng eﬁ'lOSC skilled
©a menory array having pro € Spacers
in thdyart Wil eevositg thatuesrigionyrad maﬁ@camns Icanrbe madmvigdientsiepaing om the spirit of the

1nvexﬁ5rp ‘Fbl‘iﬁa?npﬂ: tmss@ ()f tﬁé’mcltlhﬁlﬁl 18%0 inghﬁg%p e &ﬁrg@ét&rig\e §fcture can be varied
i cab

App

om0 BTl By BEILD Py BETO AL BT & g varstions nd

modifl@ti®g ehad fHDMTha R sape ofthd appdnded rAtnis @l equiddacridienty t o t he
present invention, there is provided a system and
nmet hod for reducing damage to nenory arrays 25 during
formati on of contact holes, thus inproving the
performance of menory arrays. Al though the invention
has been described and illustrated with reference to
specific illustrative enbodinents thereof, it is not
i ntended that the invention be limted to those
illustrative enbodi nents. Those skilled in the art
wi Il recognize that variations and nodifications can
be nmade wi thout departing fromthe spirit of the
i nvention. For exanple, the thicknesses of the
i ndi vidual |ayers making up the charge storage
structure can be varied 30 fpomthat described herein.
It is therefore intended to include within the
invention all such variations and nodifications that
fall within the scope of the appended cl ai ns and
eqU|vaIents thereof. 9 WD 2004/079824
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1. Anmenory array (100) conprising: a substrate
(222); a plurality of bitlines (224) having contacts
W@ 200079824 plurality of nenory cells (200), eacCPCTER®NY000502

cell located between two bitlines (224) and
conprising a charge-trapping dielectric (209) nmateri al
formed over the substrate ¢24®s; a plurality of

What idl i.nes (201, 202) formed over the charge-trapping
&< ectlrl c material (209); at |east one spacer (234)
betweenA mdvaotyiaidyi(HS) wontisnst s (240) and the wordline
(201) agdipsen 229)0 the bitline contacts (240). 2. The
nmenory ar g of claim1l wherein the
char ge-f?lgﬁ%?/ ﬁfd’ltlﬂ‘?eé {2Ptping cARCEA* (209) conpri ses:
a bott ompwal&y 6ftrheirioy cLIBYEND), ¢a2DBymdrpeeliidat@etwetiteo bitlines (224) and
substr ra I med
ovTe R st Shbe e fRE S b BREN Mt A ud gBRke 35
di el ect # ploralitayfororqlia@ 4301 {29 xfercheerer the dhesee trmpigadielecpspiaisgal (209);
layer (298 0ne%path@34')T§‘e'%xy th@bifli8 cobth@ 409 indaibYvoRiind (261) adjacent to
precedi ng cl ai ms wherein the at |east one spacer (234)
i sthe pidpeagtagy@t0t he top dielectric layer (204). 4. The
Mepory akdmyno{yhe)) (1alh ofxijm O fvhdrdiethipehegetlippigg dibladtiematerial (209)

com V\l/her ein a spacer (234) separates the edge wordline
p(%l) fromthe contacts (240) of nore than one bitline
(224). Bbotpmdicleeiriplayer £PF Agrmediqye)thesbstiziy/ CED: t he

precedi Qghafeh ahﬁ&bmngsﬁfom@o@pﬁ&%m (:33ic 1a@p@es>fawm
about 250 anlgestr strorrs (%

menmory  ARP 45 giyer @P‘D 59’i§}°d(§’f"ertﬂﬁéha;5$e RRfrerty e
wher ei n Th&t&m@m@y @0Q) B34y ofalfegreb@itngellims @M@ ein thh et 1¢asrPne spacer (234) is
ric 4). 7. The menory array (100) of
formé c’ver%f’a’Ii dlelec@é% eéllgzﬁ clai ms wherein the spacers (234)
co ﬁp ri s&he Imlr@rymrrah@i@ oy ofdhel reseshineslatms inrcin § prageg @At scparates the

edge %bﬁfher(‘iotlj'ﬂr&&?ﬂle @HQctﬁZ@}\'of r&)re tﬁ&vi&?nmm 2@rray (100) of
ecealn er
g.r g e_ ed‘ﬁ%lowgarrﬁ%(ijrgq))g any gtls }I‘legrE(:%)clag}s évhgalg fhe B{:I;afers (234) range from

aboumnmfgytrometolasoutmooiﬁtgaromrmry array (100) of any of the
pr ecedi pE formed
o Sk R BB Bl 801 By LI AL LU a8 EEIY e e
Over@P@aﬂlehectltlﬂa}ﬁf@o‘*)lO A nethod for forming a nenory

ar pay CQAPhdnkNerad h@()) St 8PSt 1B precedz@Mint ivhgteia th8 WS (@34¢ comprise
%222}6 formn%ea&Ef%:i g}f& ggo%g dielectric materi al
one of I PL: SHHEP HHE LHBLEPRE BN forming a plurality
of 8bi t | iThesen{oR2d4ny H80) iofvgyy oﬁhﬁmtdxﬂgataaltsiwhnsin the glrapgeftigpping memory
censgﬁb)% Icﬂzﬁ%u(n%rg&réc&lgz) over the charge-trapping

ielectric material (209); and forming spacers (234)
be®ween Thdvaeniory dniand 0Q 6Fant ef the s edkines s AereRdIe arayf I 1s an memory
blocK R a BAoBRENIK Hikre M i ihiBRr GQRE @&L0.| ocations; form ng

FLEQL P g Iégn(l) rH: gg} ?OI‘ %g43(.) en?btry aFrrI'zlyeco?npglsmgnhe S'%I()) n&faCt

providing a substrate (222);

forming a charge-trapping dielectric material (209) over the substrate (222);

forming a plurality of bitlines (224) having contact locations;

forming wordlines (201, 202) over the charge-trapping dielectric material (209); and

forming spacers (234) between the bitline contact locations and wordlines (201) adjacent to
bitline contact locations;

forming bitline contacts (240) at the bitline contact locations.
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