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WO 2004/ 042808 PCT/ US2003/ 018447 N TROGEN OXI DATI ON

OF ETCHED MOS GATE STRUCTURE TECHNI CAL FI ELD
weedvadiasesit s of the present invention rel ate tPCTHES1005018447

and manufacture of sub-micron netal oxide 5

seni condugificsey My Sa Rkt 61 Wratdy wo8Hhedi fepksykf the

present invention provide nitrogen oxidation to reduce

encroachment. BACKGROUND ART Fl ash nmenory is a type of
TECBMIAAICHRCICt or conputer nmenory with many desirabl e

ch M&cﬂrﬁéﬂ'ts%g' fhg Erese!rt'u&%@ntml:ll'xgla{e ?tﬁgm Q%X mhfRFR: 'of crdntme{alsomde

non-vol atil e, neaning he contents o nmenory
seml(éﬂn@c@tsaMog pérﬁlalla'r]ét egib?ﬂétaents\ﬁ tP‘hla‘i?fmt g}ﬁiﬂt@wov&eég{o gqn@élpatlon to reduce
encrq@achnenit. Fl ash nmenory devi ces have found wi de comrerci al

success in the electronic device market. A major

advant a e of flash over ROMis that the nenory
BACE@?’R% Tof flash rray be changed after the device is

f.act ur ed
i n r?ghn@e oi,y 1S aty%efoq semn%n({;[lgtfngcomli)u%er uxaor?{lwu dman%?esua%%égarac%nstlcs Like

readogiyamery KOMyiids 1oa-vplpdh axsaning @aﬁmntﬁeﬂ of the empw @ip glable and retained
w1th(El|t@)§fbd|'éE&B¢'a)/pdw§r al so widely used in d| g| tal caneras

an q’laSI’PIgCH'l:Of bcle\%c !h% tfounc% vrs}y%pommgrfnal S ccesrh1 in tl%e electrommaevwe m'yrﬁ)(g’t A major
pl aye age

rec
advapipgs|of fagh q)th%OMﬁs(jhat g gppmrbcoptnntquf desd n@hbﬁ;ghgged after the device is

maniftdcBiSdd- PRG@RmSH QLsFORd wille ydcspesceaﬁ Ranky %@Lsaﬁ bmme@ tistludfAg desktop
com%ngegsnnelct)gﬂg Phog%stgrsfdohﬁg&nﬁt | rﬁpu‘gégse g’ﬁ%’l\lmme%%{y ds acllso w1c{eig useﬁ I1n A%tal cgmeras and
portab] eglmtéﬂ mamlwyrsirfmeeamphﬁggé’a plgyerset er, | ower power, and
fo rIn miﬁen ARGt fdsieSorsd Gﬂ)hgaaon'@ b egaitplebﬁla&éa csiﬁefais Cfﬁsmased BBrage
rive

dev1<iv%%re egl&ng dgtntgérrﬁa ne e IS someF oWl rrés hard “t‘:'el 1r1 Inilal ag;gilcﬁ%‘)ns
Compyaesiio heed drivksnBinis ﬁlam’t‘queﬂy ROTVERRTG ) lover poweRag forsgme dpnsities such

a fladdlbBsed &belcaﬁ@ﬂasﬁng{ 0 : SRl hegipes for nenory cel |

R RN URE e R LGy G Lalloflh Pspsrp g oo nve
convettiienabpe Ragipwi4 af thedminrayd/q edukce fea@ionsXor nesvaryreell 10: dhéyory beused as

souréesncf/&meldmaetaxg%m QM Bl lﬁédﬁ@@)‘n@(ﬂ $he laﬂeratlgle&‘trﬂéb@ry cell 10. A
S| ze. 0

| | est
chanfg B0 1 et PP s B RSP 1 PR R i i S e
smaljgpt p@esghat ¢an bereented py € pdrticglargfmitdyiustor proeess. dweemogyedelts of Bis type, the
gate \M @llmln amaxﬁaqm ra;e};th dficdug w&@oﬁd»appreehitay ® @Jafuessa@ nsd

ture s
REGE e GE NP S e aLTot RO VOIS R pgEeeg el ora
nitndefrépaé anly mgmya®ROMetll. loz flaatingrgate edlldleyer BB tha kape sk typically

condﬁéﬂmysm@dnl Layefd 184 mdqut b8 gsmﬁge?&e%mﬂs whllclaﬁ’(ﬂlte k2fa@foatt BGer 128,
S congucti ve

t «
i BySpl S5kt HBear InOOF DT PRl By T L SR o ool sack of
oxid¢, gitddg bl agide, gfrienlly kKnogmise'ONQY drayet 2; is @aminly cdieried touss amhieloxide

layer| @fo%n@gge 1B 8@ aorﬁgeeeﬁlwerﬁ%@ceﬂ 10. fomﬁ fl ]gatl ng gate
stac 0

cel |

C RO sE Bu e Yucta v st ey of A pory o The
SONOs sedrimpgateylicteetfie stack dndtconsits ofa stngh teeér obpoilydidicon| atyiple stack ONO (Oxide-
NlmEA @ﬁ&é) gge HadBic 148 2ha Mb@ckﬁﬁn@f 1@9 @heebmrﬁmam@ fnay ®OR: ¥ a)tunnel oxide

Silicon i1icon (SONCS
124 aé‘“%\‘?ﬁ"dfteﬁ@?y S@&ﬁ?ﬂﬁﬁ%ﬁé“ %v?l" “%%’ﬁ Ffol?g- cell. The
SOXESh menackdevises are@yptcalydpdigaed as mcargy afghanpingancasingividuabdells, e.g.,
cell £, Stlehed 8 rdv@ﬁﬁfcoﬁfrm@ %M&ﬂié'ﬁﬁ@&h&o%aiei kB! &nddi ?ﬁ&@ﬂﬁ}gure 1, of the cells

in ear(&bgw 8% éﬂ]ﬁiﬁéﬁte icE?a Sergs 8%{%6 ¥ gﬁ ‘9 urelkﬁ\%s g%/e?l%ihat §en be accessed by
selectipgtheedorregsrondmg waid Aipe. immlatly, thd eourre amslfoy diginorga gresiohalfeof the2@ls in each
and a bl ocki ng oxide layer 12C. Flash nenory devices
are typically configured as an array of many instances
of individual cells, e.g., ¢ell 10, oriented in rows
and colums. Typically, the control gates, e.g.,
control gate 16 of Figure 1, of the cells in each row
are connected to a series of word lines, thus form ng
|nd|V|duaI rows of cells that can be accessed by 40
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1 WD 2004/ 042808 PCT/ US2003/ 018447 colunmm are
connected to a series of bit lines, thus form ng
w0 paitwixoal col ums of cells that can be accespRerduUR2003/018447
selecting the corresponding bit lines. To read a bit
COluI‘ﬁI‘i 918 &3@0{6‘% ﬁ%@&{eé’ of bt 1!’135 i&éfo%m}qg ngwdu&pc%luln% (?rc%ﬂ'l at carg l())e accessed by
Sel“@?&)‘ﬁ%f@’é?ﬂ"“ﬁl@%l@”lr&% (the "left" instance of regi ons 14)
f UITetrda® MBIt AGedin SOtrE &11f10/a Woligin€ 8 blonght d réadl Kldl@g’btof atut 4.5 volts and a

bit llrl%’] Qéﬁunp{{do Wo&olqﬁ (t%i %ft %&t’d ng &Q %@Qlég fu%lctlrc])Ps asg source ?or ghe t:ell and current

I C conn
flowy o g K seifate éré’ﬁ i pie Hﬁr Broughtyebit ﬂmfgtﬁ Epido Sepbing e connected o the
bit lifid bz @feipref tMinEdnitids ofthd @GER Avhlay istai@tea HjDﬂ:lElimdilflt of fnalz@Qored in floating

gate glg Q1 ir{ (Qde]; Lo%@tgljggr?, if agbzf}tisestore%)(gn cell }(? B) in order to

ne 1 incell 10. To wite (or
pr érg rﬂaf?)(or@r%fatm f bit igtopmsmery yelld@) 9 wordline & bygy el to 4 pragramaning voltage of
aboub9. Dtlghﬁhefdﬁmas LD 0T NGltvaal § Rgte i@fgrourﬁEtD WhurrSht B sMﬂle& Bom the word

line tﬁ'ﬂ%g%ﬂl &C}QA ‘%o athta}%g dl“h%‘é:urr%gt%gl} es?‘otvcgrln 1) ngectwn ogc aﬁ% 1r|(fo the f?oatmg gate layer

i's sourced from
12B Pfrfbecﬁa@ﬁta"rlfode 14A into a bit line. The current causes
h OMe(ﬁﬂfyrdb\&d’e maRh QG droe @htinge b@ﬂeﬂgéﬁtt@p&hdb dvérQ@athiegho@A o memory at

f
ever llo%uv;r Cf)sts r1m91r§1 g;lgrgaclg 91?1‘)??},?] 3 ala(ilﬁleve('\:{ﬁ%fir rnérﬁoré dpsfs 1S tlbe 1ndustrd -wide on-going

r er e Co
redu@%m S@m@a@t@wr fathore pites Bdﬁnah@mfeqﬂy%aﬂuwh aev@ral lingyae! trengigtprs smaller, more

mempiy |déﬂitfe$/m@[b9 m@@a i a%mah ay aéa tegmtalg b 18w pljo&iwn cBRyIory

C OSAI r%oder rated 1rcu &yfor exam le agl gl gr dtr*,veceu CEE( have mﬂﬂons Ig]o hundreds of
sem con 8 eig ure Si I){ arfl res, SsucC

milligpy ofdeyiprs Imade) qﬁ@écoamx mmhﬂs&ie@d ésrusturswhalt Pre fabrigatsd gropgh hundreds of

procémﬁ@e)és @Msﬂe Gtﬁiituf'é@)for Qﬁiﬂ@ie@%ﬁgstdcﬂ (18, GAVeSR an @C@ laFormed by repeated
uct |

depom? n an& pg n of thlr\ll\ﬁ s qlc n sul?srf}ate 9115 Enown S a wa er. £n
(f rclll‘(’tllrcu For > exa ? #°d nmenory
d e\Fpteéamnlﬁayswavre abpiv 1h¢ wrfscetoba Walen dwewor@ﬁd bymepqsitiwlyeificon over the
entlrgﬁMérCfBI&)WH@Ei}th@plﬁ:ﬁtloﬁ Qf@ﬂh@%senéﬁlﬂa fédlynheakﬁ% &ovatak POt IEIS The
reds

photor%51s¥ coverﬁdhwa?er 1s e%(pose QO a1 egét so%ce usua Iy 2 ne}rrgw an&a?bﬂggvgozz k,cgm? {% example,
from:@:mrcuw Zppadnagidg)sed farsleelql mrtrreﬁof lthy Wra’@pfecm thellight] enpatiog 4n eppsure pattern

on thd ﬁzﬁiferp ahd legithnE}@y &Engﬁﬂhd’bhédu!:amﬁat&é’bf he Phdtdr&RN Afdébe%pfr@tsﬁutlon is then used
a Str

to rem%vg\%}ng chﬁoreswEiP ]thg (afrgas ef(poged\;\%t‘h l}gﬁltﬁﬁg}‘ceg‘gjhl’s gerqwgz Qéﬁ}eps is known as

photelgheeraphtyi ng pol ysil i con over the entire wafer,
fo |T'11@}Vhﬁé}n bMerhehrﬁngﬁiﬂ&bkﬁs@tv&hQﬂ w@sﬂh&na@lhﬂtt&@QDtﬁéntrécYﬁted in the underlying

film eﬁ O%{Fﬁ %Iosﬁg?y(s:lg%og ér\é\f{]chm evgly ?15 m%%{b%g%tés r{ogpr%teclted &{]Photorcmst Ina
subsesiaept precessing sfedl> hy plptonesistriogherhigaliy repboved] t ravi ol et | i ght,

f 0 'Plg@?é@ﬂ@dhf«’)ugh ’7flj'1ﬁ’tmrzﬁe Jﬁ%ﬁ&%fa}& ﬂh@@fﬁhogﬁpﬂﬁ&f&rm $oatbSRck dfQ floating gate
cre

e oy R0 BV G BT RE Sl e PP g BRER gl ik boon grovn
by cq:lmnglelsnelah@m hefn 8! Pabatlicomdayerf212Bhies pden tiappsitsd aver tuphel oxide layer 212C.

Laye@iﬁl‘@ﬁl WHIh Ay BOINENPIhck %astbgﬁlrf)utl-ﬁﬁﬁjce Ziad bfdysTii€SHINEr 2188 has been deposited.

otor ose t i ght source.
Notefat layegs 3%%%1:%3 %#Zgé'l{"?%g C?vgr o%ﬁlogs ot Bg%rgl{?)l i t hogr aphy.
The pyat af @hatoresfst 328 peethen idepgsitpheehamvipusly dobdribdi loyars. Infiggure 2B, light

ener g3 Kis Bl @ Kt PhotdrSsist IQﬁPZZ'Oe ARl sﬁﬁ’ctdré’}mb BRI 96hRTakeMd dFGhotoresist layer 220
| ayer of polysilicon) by etching away

fromr??emﬁé]tlge%ngfgy %hﬁa is not protected by photoresist. In
a IsFipsedflths phopraisensieamdesdapd. Ardre ofphesbresise hatgeceivel (were exposed to)
the llgm@ﬁgrg‘?@hd e deBENRY S}dthe Beldpird BFobsis. %férb[@éd&@qug fy undergoes an etching

posi AR oo B B PR R Pt oo s ot rse
Aftensgeching, Refoambspayent penovad pfitearreradig] pheteresist tnierfal, gppptanti@ Aprtions of memory cell
10aknngl oxide | ayer 212C has been grown by

conventional means over wafef 210. Polysilicon |ayer

212B has been deposited over tunnel oxide |ayer 212C.

Layer 212A, which may be an ONO stack, has been put in

pl ace, and polysilicon | ayer 212A has been deposited.

Not e that Iayers 212A, 2128 212C and 216 cover | arge
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In Figure 2C, the photoresist has been devel oped.
Areas of photoresist that received (were exposed to)
W b@40ixsbg energy 240 are renoved by the devel BEI/NER003/018447
process. Wafer 210 subsequently undergoes an etching
40 TRE REASHh, g%%erg@%&{ésﬂaﬁzgng\%ﬁﬁgﬂnﬁéﬂé§r Yith RRim&h ?Ja{ugeglze 18I is one of the most

reno ere@ hqt oresi st materi a

erng B S ip "G capcarn S, Gyl oL meRe qunienstLarRAp determines

the chfnndlfpee., p}@m&i nripglplatio Véen sfieldetfeatmmlstor & ubEISatatitedt in the “on” state, it

condﬂé?sr &hQ@@etv@é‘en TBARLM G&lrle, Tﬂthﬁ'{exethé (ﬁgtﬁ@éq)ef enva’]am and a source, the shorter
808 PCT/ US2003/ 018447 The gate q

the @*8‘H°§.1hci S BF BT PIgS Apisicex M frevely Topfepgta s hbES s ravel at a

consfagigpegd io agnifoem b@terial. S(Spradmafvaty @ omding to diftsfing tyabf niaaitlufiddfierent types

of ctﬁtfge é"arrl\{%t) afhexg&edﬁshg@ Eﬂaﬁgfw&ﬁﬁ&pg fast&/mughg \5&9 (ﬁ‘arﬁf s@f. A shorter channel also

%te [ eneraIIy det erm nes

e B o BB D S R TPty o
semifqnéyjctyr ¢efvicesc Up ltoraaqalsausﬁoot wihioh gendvillS vakiey frae dds@n iorledidaeshGr@nchannels
corre%ﬁoﬂ&ﬁ‘g to Yatster tFéans@Ur'sC s c&%ﬁeﬁe@r&sngﬁé %@/@veﬁ 1fq Qalnﬁlel ﬁ)eragme@ too éhort the device

e S Orter di st ance etV\Ben a drain
may %“gtgﬁ’fff’? whaHiR knopp ps the “shertechpanelstlestance that charge
c ar’sicleng] leggtiggrowsaheet, thast®ldopltaid) dle @sliage anied tb an/@la.tradsBtor, begins to
decregf‘er!ﬁ([ l@zlka%e(enl@én&ﬁcr&%s r Tl%ge%ffgcqsaa}/eeclomﬁgnl efeﬁ&lqg‘ 1:[1 tserﬁpo%ﬁgtor arts as the

n grmmaterial. (Speed ry according t

“shof gl i ™t 7R BReAtHIn rakunHian B U ot Riegorgsvices a flah has
found hide gpecpGaderin er)slox)l porespplications, foa exshple notilk@hdhed, dynr@meldasy of flash to
retan@mfoﬁﬁahgrf w1916utab;glpﬂow§rp %@as@g ift Qﬁﬁa@é Bfrent f%‘ayc‘lﬁg)er a s?g';nﬁgﬁm[e%hous effect

also beneficia ecreases the sjze
on oA ER B PP OHtE?/‘%{"élede"‘ﬁerP&d &8 H@@ﬁﬁ@’ﬁ‘% fhey ﬂ?sh éer"é?%s es the

defgute} ilbhtrages tvar co@niorodffectse picitgprucaie siadk, € eniveBnowh)m the@oventional art.
Reg1§n§ B I(ﬁ%ﬂ?esg{t"a B(srtlonvé@h ﬁll gﬁﬁ%@ﬁbﬁ %hﬁél@ﬁals f2 f‘lfnﬁ)&%ug'%ﬁé 8 Gve& thhmg and/or

desi shorter channels 10 corresp on
camagt Qo9 ApioLt aTSoR G MG BEPIERES] RefbTed20 Hgveefﬁémlmi qumage to the wafer
substcAEe 0 askoclhed @it he étchingPhoodst. ,Rebib@ 30@and GED maywy, f&dkdle, £ to ten
angsmtlugh SRé‘gQ)Qé"ﬂo ] 3t261 p1c$?]l Qurcﬁr a?tﬂ@ﬂi?géf a%};tg S&Etfn‘e aﬁ%sare freﬂuently referred to

channel ["engt rter d vo
as gWF%eé’@ gt Sé”ﬁh?dﬁ%‘g"fet"& UGk Fpiegtnmay qepsq franed pdde fell:"}@bﬁ/ ﬁ@blﬁlés To reduce or
elimigecthedmeged nxldd 4tk goedgd) i ga@rvikiditios peesas intrddies efte@ thk el Focess. Post-
gate Qgh%xﬁlgm%%raﬁﬁ t/e%; {f@g%v% 115&9&\'%2@%%@ (é:%rlg hﬁﬁe te g; o as

hanne
c u Hn@ﬁt‘“a?egf %éfiatufeéHF éﬁ‘leﬁf e3578d &Y gxample.faboys §3 Pi*t?f?@? "’yld smaller, the post-gate
etch ohati@EpBocess mhy @8da okidesendrbachmrifighuesd Nlrare@eﬁamW,nﬁeem&kraneu Ofil¥e at the gate
edge Ib&%%q\@%@teﬁapgggta%agf t?erlgiﬁthfopﬁle tﬁﬁ%@f&ldg as vl:rgl{ IQ no? ?hb ngrlflefomde

e abi
decregssy)| Pefegts fovie 61 oride i gaEple rqﬂlome%ﬂ ﬁ&é”% moﬁlem nmlfqm\vteneéomde
Moréspaglﬁulzfrlycaﬂﬁneldﬁide tagd st Bftfelarhe thibitheds @dr@h its 1RWWRAA width. A non-uniform

[ ; | e n
tunee? ﬁ{g&?{'}gé’wpc@g%lg e(t: %&%E%Jrrg?lgd ge?\lk/ﬁeﬁg "S%O%P%t gtath g&él&%ﬁl%etﬁﬁ Igi a channel
regiogfipretamplestangt! eion gl0a Agar-enifermfisd befyererTor g ENS A HHchrezion
prodiichsenn amioaepiatly @idathrestiotd. volta?&@itﬁlﬁ&orﬁﬂlﬁngr 49 @:SIQtliHns 6h dﬂ@ﬁ&yio@ﬂemory cells.
O]; F%?;Jg %( %’sle l g(lr:@g EIOI O@Xﬁrdm&i%ﬁﬁ)@ﬁ)é &pesluﬁlsv gs{‘]f%r aﬁ rar;iJ Sr O?Hoa ugtgate memory
cels P et sPespenis S Lpsbee &%ﬁag?gncbqh%\ i reﬂe@vtw@n@g@f cels rom an array
demdnbtiatiRttiiedfidica®il efhde BtestbdiTRYLye.t DisttibiionveD @ra dsdulisié frightedidd ition of erase

thresﬂﬁ@\%ﬁég@&t c%ges\%ntdmg toh&%}}rg(fngﬁlct?gceﬁsr ‘?ﬁs%?b%noﬁ?@ 1‘r11 énél%%]fa le wgde ’ distribution

of ergsg @f?sh()éé@ fagrisorerRPndipgLo seilecwmnesémngl O@éfe;fiﬁectatfortelf?@pedgeeto a non-
uniforfi tusneD@ide agdss ucttanrree and ar e frequently referred to as

g9 ag%%m@eqigs?rlbgﬁon%%r % sgc% ?&%c?lbed%ls, %E%trlglglog gO mag re¥ult in

cause tunnel oxi de re I abl
deleteriopsfffcst ueon Heorguirpéat! e&ma@rsa%vw éogfaereplemjléwmaer@atheshold voltages
in reghoti 4d@dfi dnibption @8iBayieisd vty slo ey owbt Akl eCTellf Wigh d@ds€tireshold voltages in region

process. Post- 25 gate etch pxidation is generally

very effective in inproving the oxide quality at the

gate edge. Unfortunately, as feature size 18 decreases

to, for exanple, about 0.3 microns and smaller, the

post gate etch oxi dat| on process may cause OXI de

o, - o
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produces an unacceptably w de threshold vol tage

di stribution during erase operations on an array of
woreomioy2seel | s. Figure 4 is a graph 410 of two PCT/US2003/018447

di stributions of threshold voltages for an array of

450 bl @B hidg 488hLE eﬁ?é@fy)fast %Qllsc\ﬁlllch %rase?ﬁpco?ﬁn%é 3 “doftlth ?e%l@agé San undesirable

er %ethre hol d e and the Y-axis represents

oo iR kP Hngr PagemmieitAst A5 If g el dd (Figure 1). A highly
deleteriqyp eoatequbn@oasdintnlivakeghio khat celisintap ggear B 18 terabeld hénamad 2@ h ic&ls have not
been%ragﬁs g b huity &)'@gmﬂashqhegmry coHd 'is RRAb me 5&§rﬁa§estoq Fl?sﬁ ngllmgry devices, a

corre construc e

falseﬂdlcfl pils E?’i‘s&rﬁ alﬂ?«igts i1%? %ﬂ“ﬁ?ﬁ@%gﬁvicﬁbl e "wide" distribution
of C@mas@nﬂhr@ghbmgewd ibraqyedbydigrma syotinpdilfgndva a€ findafing, of the
senu&fiiﬁﬂ@fof §Af&g Aﬁ&inﬂ@lly 1@&1‘ sﬁii@on%%tl&%s Sflequfeﬁférﬁ%§1§ mlﬁﬁg\g %pg ?o& fé))(ample

t unnel . OXI de across a
el Uy LR IPmEr 506 PPRPLER I isP e Sock s dales. s gova n fovng
pure gokaydr b}grgenbgz dihs step dfgtowing oABOfterRythin@s gaketstablis commonly described as a pre-
e 0] .
1mp1ﬂ1$!)x‘ﬂe fIingl\'a/!1|§1n§ fs a%g)%eité ng% thtahﬁagel ﬁeeg(ﬁl\tx/gle ﬁrng %og%g/&n{aﬁ%egloﬂs 4a
VO Wg%lécgowrﬁ AETEGTIs At %i%ngcﬂ““‘a PP ORigEn ip attdpeenmsly aptdesgble to

prodyce pryoxgle daxbryof s tirodbod U5 aigdtromOed his teshridue. ek gpieal tdhv@Sial gle-implant
ox1dé/xﬁ%ftb@g&‘%xdnfbler £8h Mo %00\%8@(91%%18(4 #8048 IE %%1&%%98&% 3844 fran about 75

of distribution erase v ﬁ%
AngS TS OfYe 8FgRlly JoLep uﬁiﬁlﬁt‘ffl?lﬁh’ie%a“toé gtk sge JefsiRage, " an
- undebitpaislyeas f@fufesizt 19 decredadsed) fok @@mpl,aboue It ks £nll @iler, Pre-implant
oxidd3! 'tIIat drd es 100fa9;£str§ﬁ<sqm cgntﬁl.?m:ért&ﬁnnglroxglg i%nr].m& %m{tlgs %%Fsequelgly such oxides

et er| ous consequence
do “08 81“’3% %F 8%?8&15%9*1‘?@ V‘i“Pﬁét“‘SE‘E‘rtP% Theymayspasenttiyitciea sideping@f such
distribiions. i n f act such cells have not been erased. As the

ab 'SLﬂuEéﬁd&cQ)r %%s%gfeé]mntq?&@g e \y%%el]s?vel %lgﬁ{nye% alasenuconductor processing

advant a

SOPS; et BRit %aﬁ“ e PG5 R e ElopRoppRg and exensive
qualifi@tiengestingChmplemniimgnakl fabricstita bro%fﬁﬁ@ﬁe%ﬁslckﬁﬂmé&drc&)bn the part of the

senn(!o%@t@%anﬁﬁi&&r&rn % maﬂlhfg‘cglréf gmg}yﬂveaﬁ ril%p &‘%ﬁllll‘\%\? %’v?mp c’process hbr%nes and process

sem conduct or waf er. I ona
ﬂow%%rd"ffﬁ%‘&’ﬂ]éﬁﬂt?“eg‘ffé‘iﬁﬁa“f”é)l’ff’qefsl Additinis. 1gdqekne afaricasigmbinslisevery
expensygiboth $n S0 of dGed weaistsanadll ay in t@xb ef@ppofiln) cospdilﬁ td tﬁdﬂn@rréq)dlred to
perfoﬁﬁ( hg% t&oq’iné %@éeﬁ%egtgﬁ ﬁr%hﬂl&lfto?e %?da%%gcq%_%a‘?d stac oxgc{eg ulcli be compatible

| owm ng. pure ar ox
with ?j‘t‘SB\’/ﬁ Sﬁ‘@“"&%}‘cﬁﬂé PIRFsET and F‘B‘I‘ﬂ"ﬁ’@j Wﬁhcg“a‘i“énesfi %bll%vaiﬂ@mé @Yﬁmﬁblyhed tools and
technifgsscri bed as a pre 10 inplant oxide. (Inplanting is a

su Q&%gfﬁ%f}t a r%tac?&m{s %‘épaﬁ%gagé 8 &%?%Eﬁ xu?es L E tHg:I' n ed ex1st% for repalrmg gate

sourc raln reglons nown char act
Sta"k(‘ii‘lde@ F’b%l}f@enﬁ?% cl?’é‘cﬁs phighdass nekspaEbits tg widg gascithreshald voltage dlstﬂblltlons A
still fgrehreieal dxigts fd the hasidikiened feedspd lﬁédtblﬁ@'ecﬁﬁthQ‘Xﬂstﬁ@ sénﬁ(\bﬁc[u'c&l@if processes and

this techni que

eqmplmslgl%vgg&wg‘éa%@glg%Vflg%gﬁﬂ%rﬁtéo-og rz;pﬁjdl teclh?lqueom de may be, for

exanple, from75 to 100 angstrons thick. Pre-inplant
DISCDRBURE ORIrBE Meemeonf | ess than about 75 angstrons

gflg%b(ﬂg‘%gtg @11 Cfl'neyprégggt mpgfg%? Q/%e ﬁl%%l% tg)lree Qﬁ' dama e%o al'jer séaclg?xidgs Further
embodigeRpe! s REest Wntwrl@rowé&famaemg Bk 01 ilshoregron lpices without

contriburink boawide emsethtemoidaﬁlltage dsxribd@ss. t&i’ﬁlﬂffuréﬂér%mg&hrﬁdﬁts 06k present invention
prov1@cr}9§ﬁcr BOR el oﬁ&l sglg%g ﬂo }Bygcgle\;e? w¥tllfjex1s?1|;1g senuccaleuctor gcesses and equipment

non-uni form-t 0 1o
withopt feyagpipe ‘{’?Illé"“é’%hé@% toply Fré‘éfﬁbﬂ“ﬂ‘esv ol tage distribution. They
may methedof aantfictubiby emdrd oadestilenin@r O tisgsted) A gate structure of the metal

ox1degén§$051&h}35¥ 1s QiR P?'ﬁirtpogeg Qgﬂrﬁt i %;]lp rwﬁ%l? 1‘?’1%" e qu I\ (9 i made {o%low over the

remely expensive:

metal ﬁf{lgecsgglgf)rﬁlgctorzé palglplgnt fll@l 1@ growq e tha-pdess p‘ﬁhe gamslfrlfcglgar d'he pre-implant
film ngep cbp&t dalmagedo a gayedtacioddbe/catiselpyiab etclidPgocRe.r TH Gifn ﬁilgy be substantially silicon

devel opnent and extensive qualification testing.

| npl enenting a new fabrication process requires

consi derabl e resources on the part of the

sem conduct or manufacturer. A nmanufacturer nmay have to

alter or entlrely revanp process Ilbrarles and process

oy - . o
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Accordingly, a need exists to repair danage to gate

stack oxides. A further need exists for repairing gate
waee@ek4ss8 des in flash nmenory devi ces whi ch dORGT/IS1003/018447

contribute to wide erase threshold voltage

mtrldé' BEJeﬁ@dﬂlS/' sQhS:- fﬂﬁmay?lg ttidnbd than b W6k BB Ena R 0.8 R SA fr@her M does not

0y tione be achi eved VVI th existing
aee G sHEARE B b EC 6o S S PSR BHBAIRe Py reslt i ron
uniforra Gieldrpdtwegn wedtd ané g thalpkll. Nor chifoooficids anyghdveniraioguBterious effects.
Advﬂaé@hs@%dgén@- &the pm%mn 'c:r{/mma %Qgr?de(ﬁr:legcggmp tp%ﬁx?grgate stack
deelgvention provi de a nmeans to repalr danage t
=08 élf % oxides. Further 35 enbodinments of the pr esent

| n\Eethis inovel oo, selte sthic edge dgfiaritsmian Ye Pati@llBispud ik @detérous

conséqluéh%é} td@é@&}ﬁcg %Mfa@i&‘%f Wnéth gﬁhe seﬁfegl‘hﬁét(p Hévﬁc@ g’rkfe(ﬁ ?)ﬁhcatlon of silicon
vol ta di stributjons. ?

res
i R PO TP e "B BERE feERt Peﬁﬁcwﬂi‘ S 168 i i i comiote
non- latfwechmmtmlm edumsdlokitd layes. Advaltegeaciy) S&ﬂl@(ﬁldﬂmtdrsi‘m&ﬁxfacsﬁrd:d’lgmg
embARIELE Qﬂﬁiéﬁésg{t mpéng Gtz QIIQ%WCQQE%&e 31% r&glﬁﬁg in de&ser arrays of

tabli shed tools and tec
Se“??éi{‘ﬁggdees esrfﬁ%lii%@i%iﬂi Qs L9 eeh dgyice i‘idd@‘hé‘%grﬁ C@%‘PFdlﬂtetaéYania&? to
practifiogeed of the thoproveigantsan ¢ arig bdreiti @es@bed he nmetal 40 oxi de
sem conductor is etched. A nitrogen-conprising gas,
is made to fl ow over the

W@FRHD#%OEEHFOP%\%%?& A pre-inplant filmis grown

oV &igute i ghozd g @sm@§ cellachagbeee wal knored itl the conVdn@orarag- | NPl ant

f ' IF!E\u@?@lA @ﬁ% ahd mﬁe prexé}n[ﬁlc@}t {2 %ﬁtﬂrgggqgﬁ)dtg ot Q?zﬁees‘?acpgf a floating

tching process. stanti a

gate %‘?fi“i%‘i?ii 10,35 \peiblgewn ‘G&‘?S%Cﬂib@ﬁ 2003/ 018447 nitride.

Be iexfie G iiltukthayes tv@leamhman effedisrof ereiynglagatt kthoR)ve hire tvBlBkho®n in the conventional art.

co @}éﬁt@h '1191%'&5 2 EJaI%hQ)@tW%)&iSQJS tfohJ omhreﬂlouvoﬂ%gsr forf an a@y%@&dﬁﬁtmg ate memory

not =~ del eteri olsly contribute to non-umi formeti 4
cellst ynnel oxi de. A non-uni form tunnel oxide may result in

a [Fgnre 5 ultustfa@s Mnéthel ot mippiavveeg a shegibdxie stitomluetbiasB@ling to an embodiment
of thd\PQe ki Bl daLm fiel ds may have nunerous del eterious

effects. Advant ageously, enbodi ments of the present

in @ BREP &)‘h‘StEﬂFéP‘lf*éﬂ%OfﬁrﬂP%’i“g gatameanaryicell: atseriag tojap cpkwgigientiofge present
invenfjaf. ¢ stack 5 edge defects. In this novel manner, gate

stack edge defects may be physically repaired mithout

del et eri ous conseguences to the electrical behavior
BESHMOREFORGARKY & OVE AHE INENYSGN devi ce. The novel

appl thetalldwong dedhiled idésin{pﬂdih of fhe biesedinvefioh,hit® gaaRRIdAtCR oI réce encroachment,
nume?(lu ﬁ;%ti;}ct cma aarre:s?tgbl{ OIL %geg b r(gv‘i)deQ?ho 5&1 unders%%&rex%cé m%lrelse%f invention.
Howedrprsié Bﬁltbie Fﬂﬁﬁ)&n}z%bytoee skillerha Fhe érﬂh@féhqpm’;— igvention may be practiced without these
specifckeailt @geb eiilivlentStRdtot AR dwﬁﬁlﬁfaﬁcemﬂUﬁxﬁ@ﬁ wERs l}bﬁalcéalgresl Qomponents, and
mrcuf?s'm%qfom%&t d%scggedtu?cﬁztaﬁ goefﬁ ggpto L'ingecg ar1|l q%;curekgspgctts oé he gresent invention.

| er process teature sizes,

arrays of sem conductor devices resulting in | ower

NOMEDSLATORE such devi ces and realizing a conpetitive

ad | L Qf . t.he i npr.ovenent.s, i.n
o S ST .
with ihpep\piNesgers inthegefpigongucton sitgatier e kspd met pregiseliimthe phewigal disciplines.
WithineHelsenkitvaguatot 4its}“BadeC aiivendaiomalay sfet to nfategalf £8 to%fecesgﬁ{ha%goduce such

matex‘;']a%qlla%@tﬂolig SH]%M t@%ﬁda‘fﬁ& %ﬁ@&é@?g ¥ mﬂco%tdfc))lxlldt b9 x%a% Cg¥<1vi1n 1171361 oven at

forma gate stac r‘rerm’y
cevalgd 1SMRET P 1t U FHOPHE: BTV HERRERF b apigarosergit similar
températhresSit, f@te@snpleynitesIexRe alofpRet, Snapilsottl cAlledgh ‘ax1@at Sirmlarly a layer of

materﬁ'i @Qﬂ‘a ful?cﬁor?sqrﬁlay\@ la llag5 AWM éoghek&slalgf%géﬁggxél%rg rc'lb %ﬂa Sg a ftunnel oxide,

gure 4 ['ustrat
may aclsi‘i rgeseﬁiii ‘ef %Fﬁ%@%@ aﬂerevaﬁhoeslr iggaygpt frichyueomntise gaeen.
menory 20 cells. Figure 5 illustrates a nethod of
manuf acturing a netal oxidegem conductor, according
to an enbodi nent of the present invention. Figure 6
illustrates portions of a floating gate nenory cell,
according to an enbodi nent of the present invention.
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25 BEST MODE FOR CARRYI NG OQUT THE | NVENTION I n the
follow ng detail ed description of the present

WO pwenda8es, nitrogen oxidation to reduce encr OBCHIEIW3/018447
nunmer ous specific details are set forth in order to

NIT]@(B@EN 6%@@6@&@@%@@%@&%@@%@% of the present
However, it wl recogni zed by one

ent i on.
\ﬁﬂf bagjmenys of fhe Prggent iveRsipn rp %@Sfﬁ&beﬂee% SN f‘e‘rs‘éﬁ anggRpnyfacture of flash
mempxyalcmes efbwaid ioLHpprbdiesiehaBénte pigeits df the gheteat ihventon may tehutilized in other

arease(qglleéﬁ%le@gs@ngga%&glgn I n other instances, well-known
nmet hods, . pr.ocedures, ngonents and circuits have

n otA wé%eﬁtloa%lgwesbt@ aepfuhgaaa %h ng%dafeggcaﬁs&l b3f 4 etching process is to grow a layer
of “ciidei(cib®s$i01) byer hb wdferrsefaas (e prscesfinvbes pki@s £nifer in an oven and flowing

molécﬁé{‘%wglmp(@]g) ov&%\g‘l‘s@b—( laJBI;loh Bf tin%: tTﬁis gﬁer dg géng}glgl%lf'f-eﬂéhtom other oxide

layexp Hlteaéilajfglé%dltc&r b‘é“‘&%i??ffg‘i%g‘!ﬁtls tha{g glgihmlﬁ lfyﬁré atg é@SthaI{an, and parallel to
the waéer smefaden Thelieepsiciaget @ chite tr3emtdds b Sonlfcﬁzhzh edatifigh o examplel $@6king along vertical
edgeMa%erfﬁEcﬁﬁﬁc&?he}ﬁcé [BerEJ?&cﬁeQ %ec\%lfer Bllg th5Sa Freé{!técﬂha@ this is an

he sem conductor arts, oxI da
‘n“?%W%*ﬁ?%w%%@%ﬁpﬁf@mgﬂﬂlto processes that produce such
matlelhyeadfoxide growsetohakksilsomsubsaite dnderaheiidBtrcOst hedt-ard oxygen. As previously
desciBta! rﬁﬂé &)nvehﬂ‘lonﬁlpwcc%p%}ovgs' a%fn ;ilgm ox1&)ﬁ119$ess of‘ a§oug*}5oewgstrbrgs S hicker.

oven at elevated res in_an _oxyge
Howgter s BHes enucer?éﬁ%wm % r‘FﬂsfPStlf-SF Hhan abgyt Bﬁﬁnqrws & siipalpyengf 75 angstroms
has t@sEfbund to @ itadithicks result@Rp@b@ i@ sunnel, oxKHOicroexiadghhidel. a
ni t C
o){fggllé% 1ﬂf§t=ra?nc§ a %%tp&%@@{ T ;r/néf%{%% P?& %Qﬂggicéer s?lln.{c&lquc?cﬁ according to an
mm@%ﬁﬁﬁ?ﬁﬁp§ﬁﬁPP§WwPo a layer that has conventlonally
beanstepdiP psetudire &ia he@boxide sefhicondactbriskbd. (hk Elehing idWRYically performed

via b%&?dn@ﬁ%?r efa h, ?ﬁinﬁ%lcluﬁ ocills t%{l @ er%Yy%rf %%%g%&;gcg@glg gor example,

not stric | se O
PhYSpert%@@cfswémmcﬂ S TRROEN R BTN FEeREpREE! preferenial hersical
attacE INEROACERYENEd frotrach deitdvallsO Thd dae repuiess atHingl i Wedhbvalof @a®rial. The

context of design and manufacture of
lﬁwgﬁﬁ&ﬁ Eﬁﬂnhghesg§lces However, it is appreciated that

o O IEHES COPpeapEe op e etehing s demigs torpelyyng)@xide Jyer geps not proven
comidicifilyB@sible ﬁ)l‘pﬁ:&&lt ath @hept Cﬁkﬁd:qﬁelﬂﬁSﬂog@erﬂﬂﬁidlﬁ@ﬂhﬁilfa&ﬁ}ers Include process
vent.d [ stack edge
ey O R e, 2 2 o a
| a)}]éqtep 589, a nérggea-éom[(r@pg ga&g ma tgﬂt’w oothe mgiad o sgrpiconductor, typically as a
part GrfaRE €n cohbisit it cas&tibriavol ie@nd P fRGIng glolacu‘ﬂﬁf)@geni dnitdgen-comprising
fl n (O2) over the
845, %}/‘?pm@g]ﬁglrc ngg grgi O g?[ !)'S%%dﬂ\l (93%119::% | ayer of oxide
gerRfter PG acmefﬂﬁleli“s filnyiperp Wt dverrthesdec ef thq galp effustufen Dge to the presence of
nitroSeR il tBOFEMIAE Dhospiretad BRI c&n[ﬂlsésfnﬁﬂi)@ﬂcr@thér $hah by sﬁﬂéﬁﬁtlam}x&dﬁ More

partlj:u 1 rtl’?e ?el I%ﬁ{bg ’nfaye?ls lsé’bstgnt psﬂlcqn 1dep %en klmgl SlllC mtnge grows more
Tt Hl el ity g

slowly dep ekwsuk%ew ifipgy Pfofvf@sr coetseé?ﬁmbéltw@ rAéwp w@anéﬂgmq@com@ﬁqem@eﬂ pre-implant
film ey RGOS itthimir BRFH a6 ONALISitrE asbBMscdo siRQS JI6R PirGidilady, sllifon nitride film
thlck}nggs X\ﬁgsg{himséérafl a?oems #o%ax?rﬁpée:‘ % r?(r?g'j L gsgr es:,: Iar?‘%]oen%neaclga?lgr fe%smle?c.’ Such
th1ckﬂeézfep Ve degienstrated tgwpac@f to @R@%@tegqamgefqe@eﬁ vighautdglpteriqgconsequences.

S ubsitati @ficdal BE@RYof tilen hitfdb 19 @AGEN0F hlgleadlelaaﬂ cOXMB ET) thafilica (3.9). A
hlghé? rdl%fél:tgyc%l'@{ant c%gﬁ'f‘ i ﬁlqpoqgvveé Se,rs"l(a%% c%rr 1l se1?n gr«':/ag \r;\]/ ere solrcgr? r‘ﬁéﬁe l%s re\ﬁﬁced missing
mm%%ﬂ%%%?k“@PBﬁEWer, for newer sen1conductors MAth gate

| emrgRS illustEates bditidhs sad@Miting gate H3nFYQBIS 650?ac&i'rdni1g(161 arl APHEdim&H of the
presezﬁm\% %t f'lgﬂﬁg %a e nlpe%%r ?8?(%0 cngJngﬁsta gubgle tetz‘i)(? a‘iunnecf‘ ?)i,]de 12C, and a floating

n
gate gq%zurﬁqéllugt%’:lfl glﬁx@re@ (Fqnyelggctnplalfté gorgonﬁ@ftf]q@;@g 5@@12§fwere damaged by an etching
procd¥R Mfleayirbdassing @ répaiBdtadtaclostihily dseige, G BLhitGle Uy prod&E SD0WEsREbed above, a

to an enbodi ment of the pregent invention. In step
510 a gate structure of a netal oxide sem conductor is
etched. The etching is typically performed via
bonbardnent by a plasma. Plasnma etching occurs through
a varlety of nechanlsns |nclud|ng, for exanple 20

. . e e . e
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| ayers remaining forma gate stack. An unfortunate
consequence of gate stack etching is damage to a

wo eovnes28exi de | ayer. It has not proven conmerBCHUB2003/018447
feasible to prevent such damage. Consequently, nost

pre—1§1915'ﬂt ‘BM@ ﬁ{tsq}gen %@H f)@? {hu Ec%gssbf {hQ gzlté%qgctlﬂé &}{ﬁgﬁﬁ géme?rto?y&%ll 650.

ealr such armgelnt elr ty rranu acturln
Typlﬁflzs @@gglplff}t Gl may Alsq ¢oxys Parsipns obsupsrate g]é’éhﬁoé%‘r% A1} &5hHg p@gfgs
i S Nomble, régonfoB®@ vorespenditgheedgededikt 30X sdiepiGeith Bigurel Blihsteen substantially
flllecltﬁffgllo%l olf ¥re-‘%§pla%t £i1R354. Ip E to%]g: \Q@Feglated tlhﬂ tffé ((:'&1 I‘Ctll‘g lcj{nlgﬁlm 620 need not

prec1fﬁl){] fﬁlgggtéc;ﬁl%ggw.ﬁqa}%elbwﬁmﬁ ggults,fa&o?d\g%ghaﬂe@bqﬁr@e‘nﬁ of th@ m’eﬁfét 1nvent10n
NOAs @i adnitibrraDagsefioofiettBqdinNRA pf theSpras&re Giventidh, Slic@Pnibide grown at a corner of a
tunnd? B)@dé aHP& ﬁgsttratfa IfJ)er(a{m%legl{ QWM £ %ne‘f%]ﬁly?%ga%té 2 ];:OILJ;] gf sgé%ta%tructure during

structure, presence o trogen
S“““@P"d‘%/\h“ﬁ’@mﬁtoﬁf%?fﬁ'é'ﬁ%me@f?é“ PHIWICESHPH? L% dpp f%@%h“ cr g 1
(conveatidngrrtt han bei ng substantially SiOQ2. Mre

P arIr'i tlhg H&v@lrrha}{mer th1§ stitk @dée Ha’!:c%gﬁay b%ﬁkﬁcﬁlly 1Je Fc{ wi h§ut deletenous

subst anti al y [1con ni
ConsGquenegs &bthegerl%%al h%lft\éor ofg el )9x1@er§5rﬁ10(§1id11qt06 gewcF e’gl-ﬁ |nt>\[e]f@plp0ﬁtlon of silicon
nitrideitaBis appli@d@sHovesalii fepdir 19@ altelgiotvh.BenefAR11A Buch €A eR Y6 Add Sontribute

191‘& t X%
non- Iglrﬁﬁgs? glﬁuée? % tlgléﬁg g%l?gq{i:% %cll\{afr}t%igg&gg sm%@onglgcg \é}ﬂnénﬁlfactured using
emb%‘}nrefﬂé of th%frsalt iyugmtiqnngy gilizg small¢rprosgshiesipre Fl?e&éesfllFngrfP denser arrays of
semi¢ohduciondzsisa Se@]ftmg ie Bsveit daamoﬁsﬁlctaiags& ﬁrﬁlﬁ&h;lﬁgﬂ cofpeifi advabdge to
practglgne?s%f & ts irfthe&arfs RIUPaSL f@éc{]y feasible. Such 35

hi ckness ave denonstr at eél e capaC| ty to repal r

g atEgl %dtnaeelgg o’étaég}gesaé freention Ripvids @ fneang o Terrie Aqmgasto gate stack oxides. Further

embadmRSE GfLiv Bt invefiongetdide fop repdiridy@me ftick odles S flabioory dev1ces without

contr{bﬁjs:rgt \%dé e?as mgho vo%ﬁ?g' di Iﬂlh&@ e§tlllqlar er%%%%dn%en% o?f?n‘é ? esextﬁ invention

an si el ec
Provigeyqt the @eteé%enweq S@\Hfé‘?ﬂs toéakcéegée itk P@%ﬁlﬂ%semﬁo@rl@aanﬁmeﬁ and equipment

Wlthcﬁlt tevaPing Welt dsialilBhel @51s bRPbBGQEs. M SSing silica in gate

%’ﬁ rgfggg er%?odl%%gt%f ths!:: rgﬁlé{nt%g%llolll lmlflrg%:n g;Efa%orF grretd{lc%g%rogghment is thus

descréﬁg gwpqggqﬁgp?eée;t lg‘fe%gtg)n 3 bﬁe(néigSéﬁlted inpodipylar etﬁbodp}e@t&th sh(gﬂddsap@recmted
that theSIBEY inG&tibn sBEQ OOEREisSRE adinGlddGt shate@baliihbnts fout diREr@bnstrued according
mtmg%k@%M' C, and a floating gate 12B. As illustrated in
r (conventional art), portions of floating gate
12B were danaged by an etching process. After
processing to repair gate stack etching danage, for
exanpl e, by process 500 described above, a 6 WO
2004/ 042808 PCT/ US2003/ 018447 pre-inplant film 620
has been grown over the edges of the gate structure of
floating gate nenory cell 650. Typically, pre-inplant
filmmay al so cover portions of substrate 210 exposed
by an etching process. Notably, region 630,
corresponding to edge defect 310 as depicted in Figure
3, has been substantially fill.ed by growth of
pre-inplant film®620. It is to be appreciated that the
grom h of pre-inplant film620 need not 5 precisely
fill region 630 to realize beneficial results,
according to an enbodi ment of the present invention.
As an additional benefit of enbodi ments of the present
invention, silicon nitride grown at a corner of a
tunnel oxide and a substrate, for exanple in corner
640, beneficially protects the corner of such a
structure during subsequent inplantation to forma
source/drain region, for exanple source drain region
14 of Figure 1 (conventional art). 10 In this novel
manner, gate stack edge defects may be physically
" repaired without del eterious; consequences to the
el ectrical behavior of a netal oxide sem conductor
devi ce. The novel application of silicon nitride to
this application allows thin repair layers to be
gr own. Benef|C|aIIy, such th|n Iayers do not

e T o M 1
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Enbodi ments of the present invention provide a neans
to repair damage to gate stack oxi des. Further
weredisent s of the present invention provide POI/US2003/018447
repairing gate stack oxides in flash nenory devices
cLAMg hout  contributing to wide erase threshold voltage
distributions. Still further enbodi nents of the
‘Vm%¥ gaBRtisi nvention 20 provide for the above nentioned
solutions to be achieved with existing sem conduct or

processes, and oﬁq&ﬁh@agm wﬁlltotalayzemfcs RO g'

established tools ec gues e pre err

enbodi MNP LD AEHTRLERPT PR PER TR TP EEen

oXi dat i diowing (Se@dut@®g@rchaRRE FR Oter saidsnetdhobdde selaismthiche dnd

Wiile t ed in

parti culrégopmg?r%gg%pr%nypﬁmf hggveﬁaigfsg?%g ggtggtﬁlg%{%at ed that

the present invention should not be construed as

i 2t ed Thy meheihof aadafckinifg R idtal ditde sdnidohibtor® B tribeeid Claim 1 wherein said

o AR AR 2 16 3000 012608

nmet hod of manufacturing a rret aI oxi de sem conduct or

corspri SiThgiethdd oemmin'faagm{gama&ﬂ aidg chritofdutttiCls Udseribed inShinkl1 wherein said
nioLcBhorRitE B8 36 GARPNG! o Tlowing (520) a

tro onprising gas over said netal oxide

sem conductor; and growing (530) a pre-inplant film

ovet edgms m&ﬁod&‘oain%ug&tuﬁlgﬁfrﬂetdrdxwé gemicdndudthiers BB Ertvedlin @faim 1 wherein said
- n L xi de sem conductor as descri bed
mtrog% @%}gnggs\%%gbggﬁﬁhggﬁoo 10 pre-inplant film (620) is

| ess than 60 angstrons thick. 3. The nethod of

marsuf actiue mabdaf ARfuAtu@iadRtabR ik Candhiution as aGcribesia ICiade Ufurther

com sk B BBl R T ranuf At ng o

net al oxi de sem conductor as described in Caiml
whet ei N Thainethoddi inkrGEring @MRIAI &id8 gen@dfdubtSr a5 UREIbadhICRlnh Y wherein said
N2OL sy 3’@@ mlatS gg‘ of manufacturing a netal oxide
P rﬁ]clong foras described in aimal further
conprising inplanting a source region subsequent to
sai7d gr awe Mehodd@mbhufaditiehgARieANide fenitBiiubtacak Udstribgd i@ Claim 6 wherein said

e uctor..as described in Caim1l
pre- 1\l}eﬂlar%f11m é&(ﬂas&%b {nntla8¥ sdhc nm ld?l I m (620) conprises

nitrogen. 7. The nmet hod of manuf acturing a netal oxide

sersl conduigdi oﬁspaﬁﬁagedgé beeltsiina g@{eadamcémyM%ei n said 25

glr te;: g'glpﬁlgmg %\Izvzlfép cé] Opdl 21% sermc§11l'(119c§c15-r§-Jl Ql h é%e st)c{cé( e]gl%aldc fo (gs mto an oven;

gat e st dleking @)ﬁ*ﬁﬁ@&e’?,—FCﬁ@?lSlEﬂ %%:‘PVﬂrgsalé g%%#?ék aabnpri si ng

sem ConGt&kinglapreiinlbnt OBt G R K sl ge Hedi@€1oSepain b AL defects.

oven; flowi ng a nitrogen-conprising gas over said

gate stack; and 30 growing a pre-inplant filmover

eddes ofThempthpdphtepaigi edaes defpets in peatesiagl as desarigd m@dadm 8 wherein said pre-
implE@fiRCb) is Bss (A0 aRptvad i@k repairing edge defects in a

gate stack as described in Caim8 wherein said pre-

inplant film(620) is |less than 60 angstrons thick. 35

10.10The Thempibnd obfepriingaflecidpiertsduigentediaplein Clying fifughey gqmprising implanting a
sour&lrépddf sibSeqbdnbio BaiBgrbwifid. her conprising inplanting a

source regi on subsequent to said growing. 8




