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METHODS OF CONTROLLI NG PROPERTI ESAND CHARACTERI STI CS

OF A GATE | NSULATI ON LAYER BASEDUPON ELECTRI CAL TEST
WORT0A/018MD SYSTEM FOR PERFORM NG SAME TECHNI CARCFIUSRID4/017091

This invention relates generally to sem conductor

f alvik TRODOOF ICOPNRULIING PROFERTIHSQANIAEC LARNERERISTIGSOF A GATE

vari ous r n

char act er Tt e LRk R PR B s 2 Tap on

el ectrical test deVBSYSIHY BORYEREQRMONG SAMEOr m ng

same. BACKGROUNDART There is a constant drive within

t he sem conduct or industr rease the operating

speed of integrated ci rc?M%“& D g g.,

m cridprivesds odass gy yo senconieior falnidatioh éechriokogy, add)in®re particularly, to
vaquuE }ﬁ@théd§ oif cldﬁioﬁﬁ{g p%pe?t%g mmﬁe[racgﬁﬁﬂ '&% gth {nSIﬁQBPH%& [)a%,ecﬁ{ﬂal electrical test

el ectroni¢c devi ces that operate at increasingly
dat@’ra@‘éf%?te‘%fﬁ’é%ed@mlqgrf?@e demand for increased speed has
resulted in a continual BAERGROUND ART t he si ze of
sem t e e .
ﬁ%ﬂ%gncglﬁ]s{agt é(f)r}vg %Vcithm thg mléoglit{ag} %r\‘d?sq:rg tto tn}cgf,a]sseltgei operatmg speed of
mtfgtap;p) cum@t @ewcese K&n ﬁ@pmﬂr@mﬁqrh mejn'{gﬁ/C@qV@W g@pthh §1ke ga"tné drive is fueled by

costiBét| dina fdr Roslrasamd e&&d)nfc hievites iRt o@[‘a& & Qﬂ&k@ﬁ@ly ﬁﬁb’fer speeds. This

deneiﬁlgnr}ﬁr elflc’relased S}Eeﬁé He%esrr%s%llged? 3 gon 1ré1iapre§u%y ontl tl‘l:etsﬁze S(’)%mlctoil]dgctor devices, e.g.,

traggpistogs. | Thafus ataoremipenpetp of 7 tipic field effect thaasistor 1SN s¢ o rehagndl flength, junction

delﬂlﬂse bad ﬁsulabeUﬁuckﬂelSke Enﬁl thes lilg, &0 RRhAMt FQJ éxﬂrﬁpl& Q1 roﬁx@xuﬂiﬁgst KR equal, the
cal.e

smfilrera ng cléa{ubefle?gah (?fﬁ}t@ trgg éséor f)lhtE?t b ngf lgatg Blél,gadxy 18¥ayetr,htge faster the transistor will
op¢rate Bius thore is saconsiat driva® reduteethy ddecd s@ler duilietconiponerted a typical transistor to

inckde MR AL sb&g oBHCHINANS Wil RlifegralR IRGY d%\ég 68 % oRHE @ Sransistors.
er asabl e bl e read- onl nori es

o el IBRH S G e ST REY QEPHQW)& fleggically erasable
progEERROMYad- 0016’ fhtmsis CEEIRAMsE @r fagh aomvedd @ropea@ciatda rgad-only memories
(FE@WSLﬁ@ a&tE rm/ﬁlllwﬁé'seerasﬁﬁ’e tsnéﬁletrasa@fa %mbl@lqglﬁ %te%s?éd 1n a variety of different

erasa Such erasab 1 e nenory C aré used I n
devjegs.j e ylizgfp! caiuiar @RQup digia) camesas; Ie‘“‘{; SWltCafng?afdalford@fePCt?F gpmputers, etc. A
meplagvel$ ppethieg byt adring alk@fiachargt Adyresantiigctnesy” sty hSanfettrically isolated floating
gat@ %h% 950150 F}Bmu tirﬁ(; 2 anglgtgr Tﬁls NBIART lyar%%eakf!ectsofggelgeﬁév‘i%& opt){e ransistor, thereby
Storln ctric C ar ge re resent S
prqviging g WéY @éfafi Fl’éé‘rePl}?ryle§61Ffﬁt Elef sitdhipeisprgd ofred 2 memowelﬂ fpr converting from
an ‘0hC EHitPRRATED stald isQiniited i @ﬂﬁﬁy&lﬁe&beed a-ﬂﬂlﬁgéidldélbﬁﬂn &ha g Boating gate (i.e., the

era@e]C %c%ﬁ)t SBeEala& fg%pg}' Qpeecg gqlia 1% ttasrtea} Qv%llt repeec{s e%{)%jq}éve been made to increase

theseveﬁﬁt S@Widmj S@b @é'aorbﬂevsca%w vegll ﬁ%tﬁmpyove élle Ierafeolnlf%@mr@mg thgymemory cells.
from ann nﬁﬁorysctelatﬁlcﬁlg' @ﬁklstsfofa soﬁrEealtegioﬁ S cira!uﬁnrégﬁg d finnel oxide layer, a

D ssl patl on
ﬂo%ng §%t ¥1n 1nsu(:I‘zfc1n£J F?/er 89 ox1cf ©a e{agef g Séllcgrblgiélgs ancgéea Eaeg 8 ?Xédgt aélfl a control gate
Pom@eabsve@dﬂofélqm atte it o stheksd este swetichi Thy fopedste, typically comprised of
pol?érf/s@hmn@ sifkR¥ @.cD eﬁﬁysﬁ@&l@ i @leéh%ﬁ}eﬁﬁﬁedt% &e @tﬁl@rly%@%@rﬁgon&fctor substrate

Vi ces, ve the erase
by aﬁqn} B eﬁﬁlstllfl.l}/oggﬁgﬁgwlelﬂbls Hglﬁ%ly);oneca qf §1?1coAn?1fiea %ehctg?rﬁe 18 Bgnsferred across

thetggppiisalitioy layertyi ggtmunehechandolinmelingeilyis gty inaulationlagertiegfien Feferred to as a
“ tuﬁ'ne¥ biidre llayE}X'ngl \!uﬁ%?&eldeaia}fe}'s%t t?fﬁ(gﬂlg %r?l OXi I)J %% a:%c'kng’ropertles of the

| ayer of “oxi de | ayer I con anot
t“nP%h‘?’éiie Teyter gt ‘zfétm@hﬂn@ﬂe%fﬁ P?que the ahiksy &dqu@v%%@ﬁbwl@g, while avoiding
dath fves thioogt dhirge GbiRg binledkaget AlbK eshirgiada® iSpdsitiched aBove THa@loating gate, and is
elegthrlglﬁ}g iosﬁgicgt@otrr?the hgﬁbégﬁlﬁ %C onc?%E d]%lgcgnﬁolf e? %1'10¥10F > (t»("f1 eln%trrllﬁ oxide (ONO)
stagks ol at ed from the underlying seni conduct or substrate

by a thin gate insulation |layer, which is typically

formed of silicon oxide. Because charge is transferred

across the gate insulation |ayer by quantum nechanica

tunneling, this gate insulation |ayer is often

referred to as a "tunnel oxide" layer. Such tunne

oxi de layers are typically approximately 100 A thi ck.

Properties of the
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tunnel oxide |ayer nust be strictly controlled to

ensure the ability to read and wite by tunneling,
wohbis@ienroi di ng data | oss through charge trappPa@/useoo4/017091

| eakage. The control gate is positioned above the

fl Oa$ti>rﬁlg clgli?g,fe @n tha N6htihSgall pesgtambs @ﬁllsﬂujfy teROMas i@ﬁ’chfef/éﬁmlathhﬁ‘electron injection
Sstora yer

by aﬁg%m% aglg%f) 51r Lv%goltag( ((a)péxogw 1%]\/ egiostirc? ﬁ&te Caﬂcg? gléh grﬁm-to -source bias
voitige (dpbroximptely 4Gat énrvegiomregionis mmlgﬁtv@ed the sofitye gndjdgain by the control gate
voR&l] BY @lgctruﬂs%rerh%eie?ajte@ GlomQi sblﬁbeecg tHe Qﬁmb:\_(r Ry lblﬁgloﬁagg' She fraction of

th%%?lggtrlo%ﬁval aVﬁI %ﬁméﬂ? g eggg/?c%mng%e tge \r@f&g Océﬂtbtahlgﬁxgﬁ)mgﬁﬁ and reach the floating
gafea T oatingege lisythedG¥ programmeniigregliegimg raadyit@ing issecietering represent an “on”
stapet ween the source and drain by the control gate

vol tage, and el ectrons are accelerated fromthe source

to tHE segsyechEge pamired rimfhe Tigpting tie makegdhe obpel are pesjtiyp and, thus, less
confuctinige sis € raadt, ti@ntarestiold| vohae ds &ighet if@i € Bitarged @€10that r an uncharged cell.

C@F{‘:‘gﬁ.@gﬁj}n tfor ta ggeg %q];%,%la?qq}xd SQheQ@ﬂtxroi %alie, ng h%molaf}fg Qnang@ cell &rh I conduct if the

oat i ng
ﬂ%%gaataﬁﬁw fRyedchrERend; il n%fr?@lndslftd? thy fotipgegate !eals 'ered gpege. Therefore, a
logi@l 1o@F RigeR prodided W he Hh-blRile MdA®ONRYBiskd/éh VARAEIGR not the cell conducts at a
gl&g%elghof;djvohn the floating gate nmakes the channel nore
1ve arm thus, less conducting. As a result, the

t hr elg w&eﬁtovremv\agéarg%ﬁm thtaelloating rgatg, thé nancpotitile gemoryhegl is irradiated with
ultfdi)foleﬁﬂghun@if@ilﬁzﬁld)le@ @bt procﬂ&stﬁeq seed J:ch/troIsQﬁl the ﬂéa‘eﬁ@l"gate with enough extra
VO

ener to c tﬁ‘eintfglrrw' (% the%aiﬁg l?@? ayfer t ov‘%ﬁr tfélf }s A éelaélgt%]%tlrﬂ%gonwglmg process. To
re@t:@ﬂle dﬁme hiegtigra tarsommite Fhisnecessothel teotperathre tofi @orf- leﬁaltel mgnory arrays may be

eléi’lﬁ&cﬁ RS efbiRé %j cfaht%rtQ@ ene;réye(fbﬁlfn@& @nomathé Qehaak: 1 W Qﬁe use of elevated
rov V e. Meno
AR IRB S PrSS b AY BEA SRS 41 ey i mat o i he non

votahike @sinal draypdre fagrrated.n or der to renove charge fromthe

flo qildsﬁ] gneglgltyedevfcaearé’] Q ncyﬁéo(lf %EP&(@M”@@&MM& %rgsaﬁlec‘ Programmable Read-Only
irrad |ate Wt travioglet |ig traviol et

MR, TG Ut e SO SIECEHEO BPrEHD PPea fig ohernon-volal
mayatyslevitds, rﬂaﬂxnmugl‘y devites gypiedlig kgl eleari@l charges) esbraing fad; inQifansistors having
eitﬂé?% ﬁo%fﬁ@%!ite leé giﬁrgle %[irrg d’fe!%\é@}é[eﬁ“he stt(!?%dschhl’éesaaffgc% Itkgttflrgsgl)lx voltage of the

time-consum ng proce time requir
rapisY- diok e>iaﬁp1§ Y ?fbla:@%lel flq3tine; st ansision P afévmlﬁemn 9loAlegtrens @ the floating
galRBRE0Ye ifdr¢a8ey the MRhdkEvoRbge bEthEehn ity Tig p&&éﬁSdHr QbsErQe afaik stod charge can
betdlgtgrmqug %?th&?e‘i %&r&g{jﬂcfvsys %%%&e é’(l)l rtcg VJ Iane ta dra iQ oIP ?he transistor when
use eratures, wever & o
aPPfPIgjﬁte VPitapRs ets erplied to Wéﬁ%&@étedf’urfelﬁéd ¢ @P ativ eI y thin

waf efr&n @R ﬁi\ﬂagdﬁﬁ It hﬁi)u[&lO%VLQlldéﬂtd)ddthﬁﬁﬁ[lﬁa)ﬁu@[tﬁr@)ﬁ a @ht€ insulation layer, and

cop @t 7y RS TR0 Upls bl e PL Sl R oGPy e o
trafffistors andl preidry deylets. (Véfakip éeslff@ iy thghogdin{l Fsiymethatiaksést mamstyrers in producing
gafe ShsRRiok LASEH tHe Besmacp(fﬁklﬁles N3 caPofish@r non-vol atile

devi ces, devi ces_ t C store

o1 ooty Pl Eyraiogds HepeD agu Mt S Bt St s reduce
sothawriah gf ted dfdnewenidonéd metflenng gate or a charge trapping

dielectric. The storggGRugROANVERGRE threshold

vol tage of the transistors. For exanpre, in an

n-c H@ﬁ FRETSCnf |IRYARtOP S pareErlly difiiqds Poyariousnmethods | capiToling groperties and
ch@hoegifticOoTS gata idsti@ioh lapatbhsad umpa kectidabed ﬂﬂad @nd NG/EQA SR Perfolifing same. In
oné Efélgc%lg\g:l %?bxai{%%ggtﬁeo : eé\&hﬁ n{ph@pﬁ&%ﬁng&g 8t ﬁt 8{[ eslgg%ﬁ t& on at least one

serpfRpARAEF dvise.rdetrrminipechdeath e%wé@wetar of éU?ﬁéfeonP ergpeéhopalﬁwnao be performed to
forfh a8 leBist @O nsBktidnNyet roNSibSHRAYWORIRA SddiddofiicloAleRice based upon electrical

vol tages are applied to the control gate, source and

drain. Fromthe foregoing, ityshould be understood

that the manufacture of a gate insulation |ayer, and

controlling the properties thereof, is a very

i nportant aspect of nanufacturing sem conduct or

devi ces, such as transistors and nenory devi ces. \Wat

|s deS|red |s nethods and systens t hat assi st

Y T
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gate insulation |ayers of the desired qualities and
characteristics. The present invention is directed to

woanismae7met hods and systens that nay sol ve, 0OPCatUS2004/017091
| east reduce, sone or all of the aforenentioned

daﬁro&blh&lrﬁbm thd eﬁ@n@l@!ﬁﬁn%erﬂow 1e§?t\5n-g|ﬂﬁ)cé§§ &peRidn comprlsed of the determined

|nve on.i s directed to.va
pola BT8P e SRR ke il ST E PP s Pl PR loR oy B o
i nsulh anqt@nﬂlllwy@e ehybeiggknt, fho medbe@mpiigaperfomsig at st onegledirical test on at

ledBt oi}l &Eﬁ&'ﬂx ti&i'ice pﬁfefnﬁﬁlﬁg 4 Bas? Baratn Ber VR @t 1bastl dS hro@lsl o Pﬁ?ratlon to be performed
rses

od Co erform ng at
0 18 Sl BL B M PR 0BT SIPRSAT o HEn TP e tated opon elesrce data
obmed fr@y the ele@riaai tost,ragd gt folndr@Ihe @ovess padraior t@rprigf ofithe Hedusined parameter
to PR thid %Q@ﬁmn&pl%[e%ﬂ tf?erbulgsgqugﬁly mgﬂg&ﬁ% c{eac f orm at | east

one gate insulation |ayer on sequent[y fornmed

O R i B&th"déo’é‘&‘fs?ﬁ et east one eletrical est on
at Bt anenedsisidr,itteinti@ingdt @adt bheQAlambOSAS at BTN @ot &Y 6Peagonab be performed to
foxlgleaqzetasrtn gﬁee %glgtﬁé lag/Q orn%t P‘t%gqmgx{?lg? rméc’cftganmsrt]osrtl?iisg(% lllp(())?] e ctr)llcal data obtained
frogthe ﬂ%ctrscalkf% qerbmfplymfgéherm?e% é’ﬁ‘if%i"@ﬁ elreriend of thy idetesminpyparameter to form

thedga tiR@lftioh ldyéth ﬂxatubbequeﬁmslmﬁieaemslstmt he nmethod co np ri ses
pe rf 1}t %ﬂg‘ 1131tstrat19eaesmtba e nif enmenhg)ld %«?mﬁrlge? §%rf08ﬁgga% éera z%e eéerctrlcal test on at
leaétf onatnem@asiﬁvm e dyraioe s durgiise 0 e Poeranping eyorareffomadeh the memory device,
defeimhead: léatﬁ ?ﬁet pafiiBte i tabledsN&Y |pﬁ>t:é595be}a§6&19c5 b@PerBrmed to form at least one gate
en ;}/

SRR D VAP OUBOATTEN FPOT (REoroet IPRaR (pined fgion of te
progespfrdngrayele apdesr fpmingakesprovpe opdratiom capgnipd io§ tel dadrminkrbparameter to form the

a Bl Q5:%h n@&l oPAE maﬁﬁtlf@m;‘e@ﬁlml&iﬂ@evgat e InsulI ati 0{1 | ayer
evl ce n e

A A G T N SR

at frast foor memgy ditvidecta sibteronire aedveatibi o al erbse Shclo perfatmed @abe memory device,
de@ﬁﬁmﬁgr f@'ﬂeﬁét %ﬁeoﬂaramgt@xt(ﬁ nﬂee@f &9 pf%tesé aﬁl%tlonqgg p%ﬁg@ﬁo%?ﬂpgt least one gate

| east one process operation orrre
iniordabet oo ehepateaty RERALARTOR 4%%?%?5%9@ e g EBREh fiyrgfion of the erase
cy$lq rmE@riorming slieptdess hsach doppise@bald defetidihed garhraetdd bi fainiBEl gate insulation
layfezrcﬂrme s%eq%len%?'foﬁﬂléﬁ%&m%?%gmeand per form ng t he process

operation conpris determ ned paraneter to
formthe gate i nBRAEFDESHRIEION QTR BRAWING uent | y
f or meel idvéerfiSinSt @ fundetstod by tdfeteh@rto the kdlﬂSﬁ/ﬂl@HdsM@tlon taken in conjunction with
theea@g g ?ﬁav&ré& 1tn {cpgl% ré;f?rg%ge Iléu: ee?’als@c%nt rtfg [1ke eﬂeglan% and in \{vltnch
d et é‘vwenles werertrpeianglryiegfol aposon gf @m*nswvw@r st I{!ﬁmofyopli‘red
0 n tﬂ'gard'lﬁmrb’ss-géaﬂdnﬁeqew@EE &frﬁ'ﬂnrdf NGioPdrt t}aﬁs?sfﬁir aﬂ{‘ €
eration

be .
per %g;r}?lree.’irdls f’ 8ch?n6a|1:10 v1§\{v of cglg é ugtbaﬁée eé‘%f”g f”ﬁ g ngt?nbﬁlat] néa,y é)F used to practice
onger mpref B sayiveitventive wethwld deverived fereilevi ce based upon the
det GWImenﬁg 19%5%' RNsueptivle 1P KRGS 'HHdﬁ‘igauGﬁ/sC Luﬁ al@eﬂgtlve forms, specific

Cess o ation rised of th
emﬁ%ﬂ{ﬂa r?ﬁéegf 5??@3%@ e of Bffeﬁ?“e H@Wiﬂ%&aﬂ? P P%ﬂn flesibpd in detail. It
shauid te hedestobd; éowaem that tife desamyolionmizanain §f spheiﬁlc ei@bodintenty Btnotaintended to limit the

1nvgﬁ{fo£ l&ﬁ{he erlleﬁl; lf(@lﬁlé Ml&logéﬁbglqlomt contHi])g t&qht@rﬁgn %QPQE\}eIS i\ g modifications,

performn ['east one electrical test
calfem et AP G ST A h PR 0B P GTSPD BrieBFedd the appended
clatascl e performed on the nmenory device, determ ning at

| east one par qgg%)ﬁ(s P&R@A{ﬁﬁ S3RE VAErRY 1QRer ation

to be performe east one gate h &l ati on

| ay é]llus%qﬁlv%eng)e@@m e plmyenp@qf %@s%@wywd@ﬁlecgergﬁagf@@my, not all features
of bP@ual Mplepheitionbrd Qekbefbiel af ihQRpdfficitlde €rvAB 8f &Mt Bs appRBiated that in the

perform ng the process operation conprised of the

determ ned parameter to formihe gate insulation |ayer

on the subsequently forned nenory device. BRI EF

DESCRI PTI ON OF THE DRAW NGS The i nvention may be

understood by reference to the foll owi ng description

taken in conjunction with
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t he acconpanyi ng drawi ngs, in which |ike reference
nunerals identify like elenments, and in which: Figure

Wa 2065/0a0907 0SSs- secti onal view of a portion of aRCT/US2004/017091
illustrative prior art nenory cell; Figure 2 is a

de&e[o?rﬁén %F&&'sﬁ’éﬂaajctuéflle%%’oﬁﬁen@ n&ﬁér&ds Qlﬂplgﬁenatlcﬂlrsb&fﬁcQfe&smns must be made to
transi stor; gur63|sasc emati c vi ew of

scjifs e Aveloreis e B 2 fomg e BTy S R AR s leted constraints
whiich wiill @6yt fire@eone igpldddenttivh € @bthér h®lokeavet, GLrgll bd’npﬁkﬁdlatadehat such a development

off0ft h&kﬂp§e %Fxgﬁ{ larpletqnehc%ﬁs%ﬁln% CP\(‘\P{NLlﬁd Lengxt}fel@éé%gtal rglﬂmé §ndertak1ng for those of

susce to varl ous I cations and alternative
OYCF@FYH‘@ “Stbf'é’é‘i hpyipg thaserdit pieit 4sclopfEy eof have been shown by
vvay Taé pﬁseaﬂmbeandnnwm hiew Qe AWCrYS wath ebf@énce fbetﬁeeatfached figures. Although the
varlc}l]ls %“tru{;tﬁr%sq aglld r&o g retg%ogsnof ﬁhersg’rrlallgol“llld dct D Sev'ijcg d eerdg’};u%%dm the %r‘r’%’fv}sﬁgs{ dss having very
pragigd, sharpt c@nféﬂwhm and prpfilest these |SlﬁU@rﬂl Fho ﬁrtmosnrze theta i feddighl, Hyese regions and
stnflc@ﬁélﬁna_d n&e QS Sl‘éelsethb' indRRted ljﬂ%emlﬁg@r Wddifidaglnyl tht @dMiiv@8zek Sf the various
ul.val ent

feaéﬂreis é]}%g{)lfu{; ée§1°flsacg¥nf:tﬁ‘gmme leg% rﬂaé/ b§ IS)fa’ggefa§eg ﬁﬁregug%dpaé co&xfpared to the size of
thdsé featimesy/@ mégions omg Ebribated Mdesb)NeWMelagpM@@ectdraym are included to describe
mgﬁﬁilusﬁme %Bi@s Wth%séﬁkﬁvén%{gl\mle%rhsj dnHd %)Blraﬁg 'uéé@ herem should be

enbodi nent s the invention are described be
Dol RGP EEEb Y g PP SOBER) Y B g Shifpoaptaand phases by
thdsegiiliedria miteadlévan aar Vo sheda déflngidn ofta térhios plspe cie.f 4 datifi@nhat Istlifferent from
theV\Ar!hllar}p gndcbgﬁ(g oy ga[nﬁg rr{)ﬁrﬁlar@\:t)c%q)y tﬁ@g slhl'fédtuhﬁlg gl\{ QL tho be implied by

any suc odi nent nuner ous
covsrﬁsvtélﬁeéﬁ pLEih 167 & PlRIePTEng @ b PHTRS AL ErmISE PR figded to have a special
meauiiY, @V La trtnigediid ape it ussbdd by sigied | afjsarsUgibh aSpecial definition will be
ex;grgs Isét 38 Me&ﬁecﬁ'ﬁ?&og rl:qli[ géfﬁlttl rgl ﬁﬁlﬁelﬁi{i'dﬂ ax{detln@t{'uglgcally provides the
traints vary rom one Ir’rp enmentatl on
spacig] defimtionder heNBP@BRERS it will be appreciated that such
a d&ﬂ%le&mmﬂtﬁé p&ﬁefnﬂ ﬁrtved‘ﬂiblgm dibete€ @cﬁﬁ)ﬁrﬁﬁﬁs afdhods of controlling properties and

characgt%stics ?I’(}Sé rff,ate ]grgﬂlat%opl Ea er cg léplgg elﬁcérrlcalete ?éa?ﬂ Qned aas%lsrjc]e%lu};or rlge?formmg same. As

wilj hq/qeqqlgy me;ren@ toriledfss qkll]gql 1nttlh:|a§ umng@pn@gng rgadnrgﬁéthﬁpr@sg@ @pplication, the present
inVeM68 iy Qenen_\‘yldyl:d iR Qﬁﬁnaﬁord@ﬁﬁtﬁé Rachtiw (tfrgatE ah@4RA Gt A atvblﬁiaty of different

typca?%%g%xn?eogﬁ{c%ﬂ e(z%cfss i_uﬁh as glgﬁ?r? St y e V%Eranalé OFs. i{él{ug(r%e l';'){gege%t 1n\fent ipn should not
bejcopsidéred ai diatedtg 3heagrt1h§qy|emgodv@my dis¢lesed heeein ey quch hmltatlons are clearly set
fox@ﬁﬂ e gweééea @1@1%5 am p%QJeg (l)f%ﬁplanﬁttbﬁ%ﬁly Stkd prbs8fl iddvBhiibA @il Wisclosed in the
ggnlze £l n I|t % ese re%ﬁons and
°°’ét?"F ‘Eed’?aé%facﬁ‘t‘i§/0 r‘i‘é? e 8‘ %’Pé F &8 *fidi cated in the
dr avﬁlgmgsl is Adchis¢-dectivad! Idypictibin el a girtavh jof en dlngtretive gfempiyesell 10 which may be

emY@g/édq{-r' %or&&;ﬂgﬂwvﬁl? oxﬂ:nlqus'trgme @ﬂﬂodfn%gﬂ ke ﬁi@s@ﬂt q{\@&lwh n Ats Qﬁown therein, the
ramnng% be exaggerated or reduced as conp

e S5l 38 s e g F ST RIS s Dbt HAGY Eatisiplaton regons 14

fordhed InaieSubsiNgy £, tThe hessy cdllne® isdchaatln ednpirsalvuf A@Bn adck 11 that is comprised of

mdlt&?e lﬁgg gf 1L§Eergle & Eﬂegg’uaﬁlﬂy ﬁﬁ]ﬁ%ame% J)dxrhle%{ Eh@giﬂ/ﬁacﬁ )fﬁfsrp(l ised of a gate
resent I nvention s and_phrases use

ingylatiop; lﬁyeé Ao urretines grieed $e sod “BipRs! Pﬁ@ee}amretaefépa?r@ gtV gn intermediate

msﬂﬁﬁfgl 186 QBpicsly@bipided ¢T atiider oReidé 509 AddyRchf ftride208,&nd a layer of oxide

20&% SO~ zi\agergi% stacl%)eeale 1_a¥ontcrh OS e 2§ If('f'he 1nt§ermedpatet1rps§]ﬁt§nglla§¥ 'is sometlmes referred

eCl a no

- to gs @efmtmpplw omsuldting layes. dh¢ memesnrellf Hofnthen eorr@rlw ﬁléfrvxﬂﬂamﬂers 24, a source

reé@éﬁ%@”@ﬁrﬂm rﬂ&ﬁ)ﬂ'Z@]@ a@Ba &Bﬂ@ lﬁiuﬁﬁﬁk lb%r gm&%@néik ok, |f&@xdnﬁ>le silicon nitride.
e e
g s i P e 5 BV  p efyma aoe the cappig

insulsting layer 39h Thg@ftprsa plmkly dizdndugivh eangacta (@p@gwﬁlmavréafwmﬂg in the dielectric
la}Jer(.S to pr@vﬂ'gee‘?e@t'rlw ohE8En b RS gbﬂﬁ)oﬁéﬂtg &f tﬁé fﬁgﬁiorp}!ellsll@ |Ad%gonal structures

artisans, such a special definition will be expressly

set forth in the specification_in a def|n|t|ona

manner that directly and unequivocally provides the

special definition for the termor phrase. In general,

the present invention is directed to various nethods

of controlling properties and characteristics of a

gate |nsulat|on Iayer based upon electrlcal test data,

o e o
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will be readily apparent to those skilled in the art

upon a conpl ete reading of the present application,
woheospnesent i nventi on nay be enpl oyed i n connecriusmo4/017091

with the formation of gate insulation |layers in a

ma\§ai[sb &L )Srooﬂtiedjtb fcgrS[F 188 the th'B%n Qﬁ" the %{E}n&?%’ﬂ# (136 Oho»déi‘/vﬂ QR structures are not
such as nepor evi ces and transistors. hus, t he

depipieiB e d‘iaYi\‘}%Srﬂr FEHsSSHSTRTCC At BEPSEBREP H&%e’é&lvﬁ‘gloT imted
t o tAegpipantenaydeviceordy adiasiennerychirgiadt 0 de betpeisad ofimili@asof the memory
cel?sul%hhét 'ax@ahéﬁg’e@ﬂ%o@sra%d Qéhﬂﬂsl )ﬁeacdﬁ;r]tg QJeIaB?ﬂs rxlna% tﬂg p%gﬁe@ %ﬁ Qhe individual

cl ai ns. pur poses o exp anati on on present
MRS lawr\mwllectwé PRGSO 1ot (AHANLRted G i and colum posiion
of fRNelfsalot WBueh Mtes@ngO@éh@iqied 3¢l vadli kaowil dWRIse fllled an MR AMIayd thus will not be
a cross-sectional depiction of a
deSccgg)edmanyg\%gd‘;{m‘11%ust|rat|ve menory cell 10 which nmay be
enpl By dlstiafivecrsmarr el BrrepFtedhin Sigure il mjay B formpe pa variety of known techniques,

an@ﬂfb@eﬁlioﬁﬁﬁﬁﬁmpdﬂgntstrﬁh@ bR FRBAIYY 2 vEEIHE ke tofiridRbO Whr ckM@HeLihB gate insulation

A f
o ol A EOPE et SRR PPt P SNE SSBF al Pt PRgRgHLend e contol
gatk 42 fuoy beegpmiprised plepolysibion.rdaped of Mndofkte Thresiriowyll edels 24 Gray e comprised of a

Vaﬂe%n &f ﬁ&t&riélscg’gpﬁﬁc&? dio@ifle, Aitifdn! nrfh§et aek Itlslﬁoﬁlh" 8t uhdSrstood additional layers of
ri sed. of nultlfle | a er

In one
moEPUT APy P P OGP O toUUPRRAE: O FrPhISFEg/e Fiswe 1. For
exdnipld, 8 bot@mpaniisatigetiof catingdtyer {nnlshbvat) |ooalnotherylarer diﬁpaterlal (not shown) may be

foﬁf@@ﬁ;o{/ermestoﬁ s%f'fﬁ:'é Q?& theQofl Fhte 26.UNN el oxide |ayer," a
floating gate 1 an I ntermediate insulatin Ia er

(t ypql%léq $ ¥ O Fﬁc’é‘é‘al v of alna‘i}‘&l*at’df PIASEj g raDpsEer 3% |Aa};léq,wn therein, the
traodiston i3 ris demRied3, ofahd gae Inay@ion Qyerod6, dezatd Ofektrdda 38,031@&111[ @fhcers 24 and

I Len uffir; @&Qs 84 aﬂlg trghigtgxnig fo%ed%gsugs%‘ate Iﬂ?etvl/egﬁ 1@51%9 }eglgr% 14.

tlng ayer IS sonetines referre
"i ntéf PiﬁE?PS}n"ePt% 2aPs FRpIveEd 8 connIthen YENBY i?nlaaéwr} of pgfe insulation layers 16
forf ki dte st dffﬁfmlf ty;ﬁeé’f s&mdﬁmwﬂfolr ddi'iaéhgﬁﬁlﬁas 2mod dS\QddE, ﬁixﬁnsfsﬁgj MiBroprocessors,
apégﬁion %)pg% 9 ggratgcgmr u1ts e c ﬁa/ ca L gtg%tln%?w ggte mgllatlgty lgyer 16, such as
thlsd&ngsp,d%pg Fyarp éfpe@@@ueqng@e @aﬁlcpiprgagpltgatlyn Mawovsr, theygate insulation layer 16 may be
coﬂplﬁlad%@ﬁ d VeGieth BY QiftSredt Hiteriglh Q&td@x)duig&)i tllibeapf)lﬂzﬁﬂiﬂﬂde g,zl,b@men tBQde and silicon

nltr@ep te 1{1suf'l 1ontla n1916 ig? forn%ed b¥]a \elar et‘;:/l o) ;g/roc’gssgsf % germal%rowth process, a

conductl Ve cOnt ac
depasigionpredesscste. j ©f ¢oaly@ itesjectrienl prdonhysibal dhhrecteristics of the gate insulation layers 16

ma@qa&e&péneiﬁg bR ey peOdt SoréneMRRE MasurRfurddNd r’@rménued%blhcauon Thus, the

i onal struct ur.es
it SRt R § OB T OO P I SRR Lot he manmer i
Wlmh@wh@ypra at maadactred, shold mpelpr covsaidred m limitasiomlofdlv prggent @wention unless such

hnﬁtaﬁﬁyﬁwgﬂlﬂ?emmms&aﬁ,%n&@aaﬁn@ obscure the present
i nventi on. devi a flash

redP PO P SR  AFEE TD o BT Hor et of the
mslmmngrlgyelcﬁl tasd fifbntvindins eécgricalrtesadutpe Figure 3riowschamdic deplictiome.an illustrative
sngy J ? e I%ﬁl e'dqyﬁﬁcgméﬁag)@ltlpg{e ) %genp[)]f ﬁlpgrlgsent 1nvent10n As shown

I ndi Vi nenDr ectlon
thegedn, Flgctrurﬁ]};esé%geléglgqt %mfyht@ uged [tq Q:l‘)ta@ggeétacaéﬁstldﬁéﬁr Bueng ﬁ}bmore sem1conductor
dediezk UMT3uhQs indeino®) doficet hicran@dtdrs adusinQuIRh elad@aISEst Afa to control one or more

chér%%n%mg& ra tgrs \thh%%ateggsw&léng jggqg % bsekflorfmeg ?IIL' su%setalggt ua Yxces By way of

exfyRpleeqny, thm@mpaniw detide\id imBigee y i é¢p|lctesl @s Hepiscx xéleralityn of gate stacks 11
forﬁb@‘shéx@ablwef"ﬁ%r Bembie, rdi&&hlcb&‘d @ Nakd Bline btrikdd @éé@data 46 may be provided to a

coxbtroﬁfgmk qfrfll%lé‘% the c?ntropeé V\%%r | CP %ﬁ]iu%eaé@goq[eggéds ug&og%,ﬁrl néore Qaﬁtgleters of the process
tocgsaﬁlﬂéhat ms)ubimnpbwdl taerufati@rergaty insdation fapers Hew sofsequently formed devices, e.g.,
trahSNEF TRk oy QEIQVMR.. | BYRS il@frat®l bihSoQiert @%a&em FIQR J, lﬂfeq,}dcshg tools 50 are

gate 18 and the control gate 22 may be conpri sed

pol ysilicon, doped or undoped.; The sidewal | spacers 24

may be conprised of a variety of materials, e.qg.

silicon dioxide, silicon nitride, etc. It should be

under stood additional |ayers .of material may be forned

on a typical mermory cell, although such layers are not

deplcted in Flgure 1 For exanpl e, a bottom

. R oy
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transistor 32 is conprised of the gate insulation

| ayer 16, a gate el ectrode 33, sidewall spacers 24 and
weawsmadadrai n regi ons 34. The transistor is foPaeaS2IN4/017091

the substrate 12 between isolation regions 14. The

111&1;&&8/@ ﬂ&p1dteﬁ\d§l§btdg@ﬂur@é’ 502€an@ %&@Mﬁﬂ thol SEDNIRE E?;ésQ)@ pdkebdYools 50 that may

mat i on telnsu atio
N T TN NE T T RCLCR —
maeyiely oftbe gpteriaspigtion dayfrd € Thetproagssioglt §83y basinglopmatiebsaiestools.

appl Tlfé@tebtﬂ&l eReGlifhdt AMa@/g{e%B}egrp@Mf eﬁlﬂbrﬁeit cabdble of-Eg'ﬁ)rmmg the electrical
I nsul ation’l ayer

characteristi
e %! geé‘u??f‘ PEE™t MoERYPELY efeﬁta‘gfl R?%EF“}}“P&}?%‘H 87 gotbp & Finglgiicoe of equipment, as
mgnd itgues| releaipipd] itsatquipment MIregvigr empldyed @ageformnthbl leRtti@N testing on the
seﬁlﬁb{rﬁﬁct&(ﬁiemyMb@«‘op&gﬂ?ﬁléz %@c‘ﬂ ei%r:tn@a }éﬁrelqﬁ%ﬁ{enp ILZ H&yf 1t1815c1% ttor example a four-
mat erial s depending on the app I cat ic
Pogt BRi%de and silicon nitride. The gate i nsul ation | ayer
16 ey ebarifabtesteghifhnyenid2uadyibe tuyed @d cqﬂlédﬂ CleGS@Stest Qatg)46 reQardmg a variety of

elerc&@e[l Qﬂactg{]sgwoF thd Ee%c%ﬁﬁﬁj’ctopc(lfg%ﬁépf IFtor exam 913 € ec?ciflcaFttes(f S%ulngnt 42 may be

course ar acteri s
usgchip cfiggt detg rﬁ&ﬁtﬁ%tbreelfﬂowwéﬁa&e (EYS) mhwyagq B nltrgedo-pipture characteristics
(QDITR), ktytp €hafRf (QUY, BEbcade cﬁlﬁgeflqﬂ) reappeh @lﬁﬁrgé I‘(@Q sazrf&e Hae (Q.), programming cycle

tm&ehi3 g@ge%ase ? ltll ga Isc?rrrlle ctases a Iuraﬁ Qtof ﬁvqugg}s g?ectﬂ}%a?%@gfzrfsgg édentlﬁed above
maybe cepbined 5@6&113 PFG!?@P lﬂetﬂfﬁse gnve| Wafen vel hediabitgnmetric, irapregeniative of the electrical

tess&mdf@)i@iﬁg,ﬂe @if@r oﬁﬁﬁl%lﬂy" btfa@seh, MRQW:, Qudﬂgtcolt}@ﬂoﬁ Qf‘é:fécg@;ﬁ & data 46 may
invent|on un

be Ryt g AT PR P 51 PP SRR ) B el upon th oo
tesg dlag 465 Thelefgcigepbtesiopmat be pt‘lﬁwngk ag the whfei inkedngtprooeseil S. e., in-line measurements,

or Bt theQfd ﬁdhetlige ﬁ@ﬁf&ﬁrfaétloh ﬁgoﬂﬁngedor nore characteristics of
upon various el ectrical

t oot AR b e £ G40 Bt GHE S B CET B ORTohfr adst on o more
pajainpters bf @prpogs opgrgior m Whpetfivaitd imay lelpe orerp khe pdess tools 50 that will be used to
forC QAN ﬁ?erswll(; Bn %?eq@emﬂp %{'E%nste Qrmd{l&(g ({g{;@é %Et For exalﬁggle such process

i nventigon. As shown thereln, T'ectrical test
PRI Bef 2fegoristiiag e EPSSECR PES*t €8t PR YD, PBFVD) or  themal
grovtteproressDlicpam@prtrs of sddhgpia@éss thennag ®s deﬂetﬂmméd,lébhtrcaﬁd mﬂﬁé’téﬂ include, but are
nofj gﬁ‘ﬂe&“ %Stergﬂera%élpréés%g %Ex%tlon%}gceg%&rkgm%os@ign v%trarte! graocesst 11qu1td composition
data to control oné of more charactert st
or B‘ﬁ’i‘ BITeROBFIdeVE)F efche gate i nsul ation | ayers 16 t o be

f Or Madvag bf RAMBEALOIME eletRithiGREdataBY maRIadiRdie B Rl IOWA Voltage or charge-

ﬁ: @{eﬁgmgq gﬁgféggfc%ftab%elv\}eﬁe%nﬂﬂ'éx"at %1Q1atté)n qﬁ [ % t%lllersé’lg may ac(t: %o contro?or adjust one
or R PEFABH R ﬂlmdlmé%‘l apRitiens teyke perferimed todformi gateFisglaticn 1@ers tlfen subsequent

deBdet CitoF b}ﬁﬁble thﬁs‘,ilth aﬂbﬁﬁéﬁoﬂ Ghe H&l‘{roll&@4m@\ébtd@ ch%&e e duration of a thermal growth

progeos?n tggr?%rr?]egr %e %gé qiga d)grlfo%g to Prmn%ﬁt msﬁgaéh@}’eésr 156 B subsequently
fortnp@dep]p@@@@go ltl@@lsesthdjt@lcltnhgpf thegateissuletip laygrd d refagive to previously manufactured

gatmtﬁﬁt@ﬁ U468 16. atcknel B]%bgs@t/drmes BN Gla$ b Qo%ll@%ﬁtﬁg ulﬁ.@tdlle%ot limited to,
devi c f?’ﬁ’tr transi stors, nenory

r med I's

ten}pﬁratiuﬁepr?cleis &t ?t?;eprgs%ﬁdqtmreﬁ@b pr@feé%opprﬁtlopf ﬂﬁ peéfogned in the process
tootsh® ying dlesdtetnpinddsor Hjusicdepardmgetsriatiormethel eqpd dkediondayl€il0@n additional
sentednltlcRAGS i .20Aand a deposition tool 50B. The types of

process tools 50 that nmay be controlled may vary and

may A4 SPESEEIRIN s sleptiqat st dataipdicasy fhatcptdusiion of thg programyaing cycle for a
meglesidevid of dell fisa6d lexrg B Erceedafidivalle dﬂi&ﬁf&ﬁﬁoﬁé the Qﬁckﬁd’éﬁofg&tg@te insulation layer
on !a Q)%&é}]@hélyq&nl r%@emg;r Hgy tQ:r ?d%geﬁ)sﬂjt ere% red ce the g%()gtiagmfng cycle time on the

sin (AR
subéeqmnﬁh@mxed ,ignqqgﬁnbléarlﬁ,ng,thq ?E%‘Olb?f t}@chsi)qyelg ffor @ ngrbily ellpdr device is deter-
mir@ kd K2rt60 16§, thBethethekiels FF@e ohte HsilGn $OSGh sh8Hud8Y Bhrfled memory devices

Mor eover, the electrical test equi pnent 42 need not be

a single piece of equipnent, gs multiple itens of

el ectrical test equi pnent 42 may be enpl oyed to

performthe electrical testing on the sem conduct or

device 44. For exanple, such electrical test equipnment

42 may include, for exanple, a fourpoint probe. The

electrlcal t est eqU|pnent 42 may be used to coIIect

o g, N a o,
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(QDTR), state charge (), interface charge (Qt),
trapped charge (Qat), surface charge ((ss),
wonroegriaeati ng cycle tinme, and/ or erase cycl e ti RET/USEN04/017091
sonme cases, a plurality of the various electrical
m@tarantedin ai g 1é aRlse ﬁHeQﬁse@@&V ﬁm%}y thB @ate? @J}jlﬁéﬂg&lwh{ueﬁs The present
reliabjli
2o T A6 b i, Solons FaciEreat proi orimepsitl Bt of he ot
lnqu@'flonda}@; » I*f@}l‘é‘ sifiegtiens exsr oggurp [Baged ypon yheaibtenveirfed Heratiohaf @@ \peIzramming cycle

or ShiCiasa c?@é |v@ﬁi1é ustfent® InRG bk infadd tottﬁ§¥)ro@§st aﬁgteMedbﬁ fonnmg the gate
ayer g orhot erwi se statistically mani uIated prio
R %“’“ g1 K15 PO e P bty O e Hesed WiERTRRin thickness of
thft@@tmsuiattoalaaﬁ The electrical testing may be perforned
as tlﬁeméﬂ@fgqne bSmbel 'pﬂ)gesp Ecﬁ\%ﬁ‘lﬁgtg (gasec]i u ’theI J%ctncﬂ Sest data 46, semiconductor

measurenents, or at he end |ne

oG AT P BET o B R b s riopmcon, ey end to
exhibit the dlagimd 4B¢tridah gerfomivhceodhbredteridis. nH\yordﬁﬁrﬁ Eifde By cHaRBErs@ds of the gate
lnsgfatlcﬁqiy%lls% a%ntgﬁlem%eﬁ %21 %Hﬁ&?{e& Id% % tl%e cgm}g eecf d%i{lﬁes have a better chance at

neration to be
m 1§ PErémangefriterig élattl‘hlﬁlﬁ’owq to theyend yecespf the poguctre. g nBYMr atirje@pcle times.

| aydn ghe fistard Srﬂlbﬂﬁﬂhtaﬁé dojttrdlien 488ch >RP & PRGMEIES wﬁl%‘éftv@féto implement
the%nctlé: Q rdesglxt%gﬁirgn lélgre?vep t O(ﬁ%%t%ono eg%l%}:%ci, %E%g g(gjéolkeg&gmay be performed by

are not €eposli
oanm coptrtie ers E}p@\i/[l;}oughoutgl splhleq:qdrmmr grapvitchripg fodiis sFor Fhaeple, the controller

43 pay aaeFd ﬂ@el%nt&g&hhap [sQEASS ccﬁlﬂﬁtpm@@Mn@@peg%n? ﬁmuglﬁ)gt all or a portion of a
sen? 90@1&1{0%r m%n fa%(:{umég {"agft e%‘trergatlvg{”tge i;ogﬁol? b?ﬁbgl&ge %ggzer level computer that

COIET@H'ﬁ@}S iP?ITIQm opells ¢f, (ﬂw nragyfecturipg fcitits s Moiequer, theodods 4§ méybe a stand-alone

devade, &rl 11Q¥Myrr@s1i(ﬁ on B Ih‘loheeo\f‘ Qle %roc%g &‘)o]s By Wev&f as %@{;QJ gremated by those of
e%trl ca i ndi cate

o e 01 FEa P ATt G Bl PSS e PELSe mctions may
alspeussd- accept abl e levels. In that situation, the
conteb@bds@F tné &vémyn A t:onteQ)o&ﬁ’rﬁtdEth ed ggscr?p@rl)ry%% pr%&%?dom terras [§& software, or

aneters (g the process operations

e ) YR TP PO IS 10 4R b DEGH fopmPr memory.  These
desgripfipis@sd repretentatioanapé e onef) b)SNlﬂEh tBos8 bf atdihdrpskill H e art effectlvely convey the

suthQrEE Bﬁhélﬁfog\éltlt@ ﬁﬂ@r¥ gigoginéa}}psk H?ﬂ:{hg ge eA& ;p %OH%%I‘ aaétttlleg%néq 15»515% here, and as it is

sl REHEG <3N ST 51O RIBETE T e G oy &1t The stps s
thogubmizig g physikal mfaﬁipﬂ%dnsdﬁ}dﬂyﬁieﬂi qlﬁtﬁ)tltﬁﬁ tQally Wﬁd)’u@ﬂﬁ& n&c@s?arlly, these quantities
takd me%ﬁﬁ%fs oﬁfcalt E] ctrggit Gr gln t%caglé O %a%éle rof lop‘%/ gt!ioge t\éa%sferred combined,

previ ousl y manufacture I on
ORI ra“‘b?tb"ée’é"sm%}léﬂuiaﬁél Ediast fgyen Pmyenbet at ¢imes; principally for reasons of common

usagen©lrefeteg thide kigmls @s BiQtvalués didnRAls, tsﬁmbotsedﬁﬁﬁclttéﬁ Kb, nuHﬁ)Q'Q %lslﬁe like.
There proce

gg: %tg%o%gnbse%glr%«z in nle? g’vye(lee Sthaﬁ {l ﬁfeth?ﬁ Brtdesggl}af %xaﬂsglreg@ bﬁ@FOﬁﬁted with the
appfqﬁ@atmgqahqqq@@esmnd @rel}narsly e@vgmnaln@tsepﬂled o tfegrrquutiiti®. Jaks specifically

statéd Sthidradsé, Qi akﬂé/@ﬁpﬁreﬂtGﬁdﬁn th@dﬂs‘cﬁsh&n 8cltrm§ %’l.'l@hC%n H)g{sgﬁg” or “computing” or
he el ectrica

el LR, RS TREE oF eitb O ' HE piaag PR of o computr
systen).cdr ginfilar elegtronionaomyutidg dévce, ot mawpulatds Snd @msfbhidil Jat®fepresented as physical,

elec&&ﬁ@@ﬂﬁl’a@s’ VJVlglmpé &nﬁﬂ@%&sftélﬁsqreélg&lsc‘ andtnﬁglf)ltlfj:g #n?cl‘élﬁe? Jats smlIlahly represented

sul atj on | ayer on a subsequent
as pgésxﬁa‘c‘é“aﬁé'ff BEhin g GermRytef &S%ﬂé?%g}%r(éd%e@mt Hevther such inforsmation storage,
trangmissipn @ndispiag deweed. € ti ne on the subsequent l'y forned

deVAﬁ: E2m Moh@ﬁ Xysteﬁl e[%lplg og H!&t r%edo Ec?r{nesglgg gfi tg% %!nstions of the

for a Mefm
confr i, tah%ﬁ%"%ﬁ’e ist thg EW& sysen Olﬂh@d QhKéAl Tenagk, dtd. OFhe| Catpbyst system uses

Semiuondsictis Bptip@iehd yqd fNadieial TRFEAARIONAI QEBNIE @SB er h@tegrﬁéﬂiuﬁ%fécﬂarmg (CIM)
an effort to decrease the erase cycle tinme on th
later formed nmenory cells. Thg present invention could
al so be enployed in situations where it is desirable
to increase the thickness of the gate insulation
| ayer, if such situations ever occur. Based upon the
determ ned durations of the progranm ng cycle or the
erase cycle varlous adjustnents my be nade to the

. o

o o . s
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By maki ng one or nore process adjustnents based upon

the electrical test data 46, sem conductor devices,
we.2005/01eenory devi ces, transistors, etc., nay BeET/US2004/017091

manuf actured such that, after conpletion, they tend to

Fr{dwold domblRa@t sl fe@ﬁiol@én%cinﬁ lisQded Qﬁfh& Qﬁﬁﬁ&@ @rotcess Conttrol (APC) Framework.
r 0 e e chalracteri sticC
P RERERELAE | Burtl Sy oGS Gitioon r A e end APC (SEMI

EQH9 el Elmlmrehlspecé'satmd afoa, Clivh éraoenpk eAdeinaé Viraes Bentel Component)

sp@cﬂﬂ@ﬁoﬁl@ifre SBRACRaifble ABEKENG performance criteria that
is i ortant, to the end users of the product

f ast Bt e nwt&ﬂn is¢ gepglly qipsetpdydo virjopss fr}e@?% dof contgollmg properties and
chemadieyidticsef gatetifvelatbanriiye0dabed mpcda&lebtﬁcaateﬁtalﬁlﬁ,wh@ﬁ syt g’&@:ﬁﬂiﬂiﬂmg same. In

on! 11t11£]tra$19é‘ Eﬁﬁ%ﬁlﬁleﬁtothb hgﬁﬂltlcptr ﬁ)gxff(gﬂg% E:%séd ? Sglectrﬁzel test on at least one

herei n. Mreover,
Se’eaﬁrtdi‘%?ﬂdé‘?cw%te%y%@ 538 PR teh Y bl B PrAGEoperaton o be perormed t
fomomtidact| ohe g ﬁ@[a&adlaﬁeh 60 bl gdeudiiendly ﬁﬁﬁd@&ﬂ@dﬁﬂﬁcf& device based upon electrical
da%%%%oﬁlf %galct;u@acf |test anX Perg %fné%,at ?gp ?ne I‘prsoceljs.S Oé)gl‘g c%xrcgrlgll?ﬂ%?dé %e determined
Paﬁfl’éfé@g§?rﬁlgth%§?éﬁr la!m%ﬁslarqﬁr Gugghie ymbeglinhentsy they sqminondugtor Gficais a memory
deSied iR Ebdauﬂ‘aE}DrﬁenﬁUﬂﬂb&f)@@tt UK bifg ehiBRintehit, Yhe shthic&iamad: 'dé’\@rJeYS’ a transistor. The

over | evel ter
oo B AR 5 oy b ST 8 VB kP gy s o RN Hovpienge o  depoion
prgcasi lity. Nbreover the controller 48 may be a

st ante ahQf@r g{ﬁ%dﬁﬁ%nts Qfsclbstd £FBYe di‘e,eﬁlhéiiﬁtnfla Bn9Nss tl%ﬂm%ﬂﬁo? n8a§ be modified
reclia

I
oo g RO Sty P S e R o e Sl P e e bencti of the
teagkyngs rhgleine rFof pampkhtbevmocde stepg rverdfotito abonqainejmperioﬁ&d in a different order.

Fuﬁ%hérg l'llll) @ﬁlltitfdﬁ‘scetré Bﬂ:ﬁdeﬁw the& ldézgls Q?C(H%gtl Rp Elulsi 9 A 1}0(«@ other than as

d|nv§ g correspondi ng det al | escription
PR QPR U OBY s = JFreBt DT o P"‘étfcglérr“lntbﬁ engyflfsclosed above may be
altgrydrbompdifiad eqpd @8 endhatariatives af copeie@ad wihis tﬁ)ensodfsbt #d piiS of the invention.

Ac\é@raiﬁglﬁ i %nx%{%m%ﬂ g(ﬁu%ht EOR Ehas se‘;r 1‘8&‘%& thq %ﬁ%’L Ibgﬁ W ONsS an d

representations are the ones ose of
ordinary skill in the art effectlvely convey the
substance of their work to others of ordinary skill in

the art. An algorithm as the termis used here, and
as it is used generally, is conceived to be a

sel f-consi stent sequence of steps leading to a desired
result. The steps are those requiring physica
mani pul ati ons of physical quantities. Usually, though
not necessarily, these quantities take the form of
optical, electrical, or magnetic signals capabl e of
bei ng stored, transferred, conbined, conpared, and

ot herw se mani pul ated. It has proven conveni ent at
times, principally for reasons of conmon usage, to
refer to these signals as bits, values, elenents,
synbol s, characters, terms, nunbers, or the like. It .
shoul d be borne in mnd, however, that all of these
and simlar ternms are to be associated with the
appropriate physical quantities and are nerely
conveni ent | abels applied to these quantities. Unless
specifically stated otherw se, or as is apparent from
t he di scussion, terns such as "processing" or
"conputing"” or "calculating”" or "determ ning" or

“di splaying” or the like, refer to the actions and
processes of a conmputer system or simlar electronic
conmputi ng device, that mani pul ates and transforns data
represented as physical, electronic quantities wthin
the conputer system s registers and nenories into
other data simlarly represenged as physica

quantities within the conmputer system nenories or

regi sters or other such information storage,

transm ssion or display devices. An exenplary software
system capabl e of being adapted to perform sone of the
functlons of the controller 48, as descrlbed Is the

~ 1+ 1 a Y Y Y T T O T -!-I__



15

20

25

30

35

40

CIM (SEM E81-0699 - Provisional Specification for CIM
Framewor k Domai n Architecture) and APC (SEM E93-0999

wo 285m0 7 onal  Speci fication for ClIM Framewor k pA&tanmad17091
Process Control Conponent) specifications are publicly
avai l able from SEM . The prasams invention is
general |y directed to various methods of controlling
propert | §3M§CW§?%t eristics of a gate insulation
| ay parfobeingsd leaspm cledtdmt tpst eret lepseerte sefeiconducindpviaeisy st em

for dé?é?ﬁlfnfﬁ% aeplaTen S8R amdidd oPA @eabtlohé»lﬁt)cre:%tdpéﬁﬁloﬁ hehieABbd to form at least
t he net ho nprj ses per

el ectricate ﬁa@s‘f‘s“lﬁﬁonafﬁyef éé\g’i' aéﬂ%ﬁ%‘# E%W%%efnéﬁpn%wet?/r {gice based upon
det er mi nklagricalidat: @@Sttaireh Gorp saiccatistione difcirigd! tebteadt  one
PT 06 & & Bnil sa{daat fe% onte grope%s aﬁfa&&rcgﬁﬂ-lstscpoffsﬁﬁ ﬁét@&)mgcﬁﬁﬁst @htSparameter to

gate 1 nsulation l[a ronasubseuent%/ ormed o ed duct

sem condtfRf‘tlé?‘d adeasicre 1g3e Eanlation vl 18 o sHid S Se&‘éﬁnﬂy ormed semiconductor

obt ai neddévicem t he el ectrical test, and perform ng at

| east one process operation conprised of the

determ ned paraneter to formthe gate insulation

| aydr. | Ahsoeodeftienlnaharen saidsemisaiciop Aeyire s legpbeneba flash memory
devicS, 28 aﬁﬁ%&i’spétﬁié'nﬁ@rateﬁumna& agnitrb@sdassere nor y pr oduct. In

ot her enbodi ments, the semi conductor device is a

transi stor. The gate insulation |ayer may be forned by

a Vari et fhohetimd ot @ain d swhersinpiarfeaming sidhas fepsh Precglefiigahtest on said at least one

senBécH&feRP adce a)nf%ﬁﬁg’ﬁérfohﬂﬂ; ﬁﬁ@@ﬁﬁ;ﬁomeﬂé&m@ﬁﬂé& lofs 6icBdt least one semiconductor
enbodi nent s ativ

TR TR i kg DR P &Y il R e e rterfce chare,
a tratipbd chnree) b supfate chajgs y@bamimingeyrle fime zg pasresn Pycteémleh ose

skilled in the art havi ng the benefit of the teachi ngs

herei n. For exa . the process ste

may 4be pePf GrHeyof ‘ﬁanﬁ 19 f“?“é’l‘ &Y SBPe8 ucm'i:%rvlcﬁ & ?’?Ir)nlp g OFat least one
tradsistot $2athatGn@marised ofiut getadiedlattoo laytre 6 det agateslegtfode 33 positioned above said gate
. Gkion or design herein shown, other than as
ms@%g’g?a%}ed in the clains below It is therefore evident

that the particul ar enbodi nents di scl osed above may be

al t er ed ame Al df eleimaln dhadit saBisethicandndtatiévinass camprised of a memory device

10 (f‘hoﬂg’ !:(? %I;l?eg o aw ultathﬁ 1%‘891%6 ﬁcﬁ%gsggﬂe ﬁéy&r l@fpos‘itﬁﬁed above sald gate insulation

rotecti on sought herei

layprgl6aen lgfétmefhetp AruIion Ve 20IPAYFBCLAD G FGITAFU B I 15, and a control gate
laySreh Restion IQBPE kdid iEmefie handbngyeao.| east one el ectri cal

test on at | east one sem conductor device; determ ning

at | east one paraneter of at |east one process

operéat i orfthe mebed gfelaimn b ridgrengai o lgsaane PSSt ORSFTEOGE penprised of at least
ond S2WbRLHQPrdcaY 8l a iermRigrawts plseguent | y for med

sem conduct or devi ce based upon electrical data 46

obtained fromsaid at |est one electrical test; and

per for mi ritge swiholl efclaineh sthergin eriatdeesione RAREIEIE is omprised of at least one of a

ten?&fcmllfé §$Q3591fe asélfré#iord %tp?d'céﬁb BRM0A ratk, 8AFbceRREs RRpEIRE,A liguid flow rate, a
orm sai.d | east %at e insulation layer 16 on

llqgléF‘anI%?ﬂ‘b@e‘lﬁ‘ﬁéH‘l"feS/e‘f seni conductor device. 2. The
met hod of claim 11, wherein said sem conductor device
i s aSt leaﬁnte nfi&a (9 laﬂn lv&%xlgm% e/ 1ngxﬁyibr91§yer @@13 comprised of at least one of
appl i'cation specific I'ntegrated circuit and
siligpredioxisie RsS6HHNITI%:  The method of claim 1, vvherel n
perform ng sal d at |east one electrical test on said
at |geast LN %g{gn uct or device conprises perform ng
sai d"at |'68s bne el ectrical test on said_at |east one
s e pegwrding ebleastieng ielseiriqabted €r alrlprsire BEmerg detice dR & dtermgne a duration of a
br eak down,y@dntnagpeycl@pet iR bitdad mepbiydgece 18 st at e
charge, an interface charge, a trapped charge, a
surface charge, a programm ng.gycle tinme and an erase
cycle tine.




4. The method of claim1l, wherein said sem conductor
device is conprised of at |east one transistor 32 that

wo0somm77 sed of a gate insulation |ayer 16 an#8C&ugai08/017091
el ectrode 33 positioned above said gate insulation

| ay edetedfininDat 1&&%@%&&5& Of at ‘fehs@ bie oceé@‘a&ﬁ'ﬁbﬁ] toSR| grformed to form at least
sem conduct or de ice.ls § nprise i ce

10 that | 8 R LR i 14 oG ALY AEPOT R e 1 fused wpon seid
floating dtetrenddayetionb8sajipsigtamoiredyadyande sai d gate
| NS Uderbrimty shi@YiQEastlfe p@&ss‘ c?&@cfo%gﬁpﬁ‘{sﬁ oF Meﬁhﬁlf?era al st?gne parameter to

20 positipned, above said floating gate |ay 8,

control gL a4 esst opo eagasiionleg ive v %"é“ie‘li‘enﬂy formed. memo"y device.
internedi ate insulation |ayer 20. 6. The nethod of

claifm 1, Mpgﬁgigm@g%!,at | east one process operation

IS coqprlsed of east one of a deposition process

and B" ?‘H’é’i‘o’r’i‘h’leasb‘?né\ﬁ}leﬁ“‘ﬁlrté% 8% ¥ leagt oneRemappqeisel ! P defprajinga duration of an
1, wher el dlass@icl patorrhe@as kaidiinopadedteloer | S conpr i sed of

N or S AL 8ot bEIRET 841ch o 05 S, Bt P Bigncilo om at e
liquid fl Q?Wg?t%tné‘ﬂatlan layqgJp @n e@w:pmmw émmedamencey groigel0 based upon said
| evel setdeteﬁlgnedauratmafgmteamyaé agd ai m 1, wherein said
LG RN TN S C R S P R—
conpr i si rigm spid eflepstpnpgptedpsulémddyerden eldsgtsequeslly fdnestmenmry device 10.
at | east one nenory device 10 to determ ne a duration

of a progranm ng cycle perfornmed on said nenory device

10; determ ning at | east one paraneter of at |east one

process operation to be perfornmed to format |east one

gate insulation [ayer 16 on a subsequently forned

menory device 10 based upon said determ ned duration

of said programm ng cycle; and perform ng said at

| east one process operation conprised of said

determined at | east one paraneter to fopn said at

| east one gate insulation [ayer 16 on said

subsequently formed nenory device. 10. A nethod,

conprising: performng at |east one electrical test on

at | east one nenory device 10 to determ ne a duration

of an erase cycle perfornmed on said nenory device 10;

determ ning at | east one paraneter of at |east one

process operation to be perfornmed to format |east one

gate insulation [ayer 16 on a subsequently forned

menory device 10 based upon said determ ned duration

of said erase cycle; and perform ng said at |east one

process operation conprised of said determ ned at

| east one paraneter to formsaid at | east one gate

insulation layer 16 on said subsequently fornmed nmenory

devi ce 10.
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