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However, in many modern integrated circuit devices, e.g., microprocessors, application-specific
integrated circuits (ASICs), etc., there may be situations where the formation of such a very thin gate insulation
layer 14 is not required for all circuits in the integrated circuit product. For example, with respect to a
microprocessor, there may be some circuits on the microprocessor that are not part of the “critical path” as it
relates to establishing the switching speed of the completed device. In other cases, there may be some circuits on

the microprocessor where it may be desirable to have an increased gate insulation thickness for other reasons.
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11. After the gate insulation |ayers 22A, 24A are forned, traditional
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development of any such actual embodiment, numerous implementation-specific decisions must be made to

achieve the developers® specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be. complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures. Although the various
regions and structures of a semiconductor device are depicted in the drawings as having very precise, sharp
configurations and profiles, those skilled in the art recognize that, in reality, these regions and structures are not
as precise as indicated in the drawings. Additionally, the relative sizes of the various features and doped regions
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alternatives falling within the spirit and scope of the invention as
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such a speC| aJ.nd gs@cfrli' J]all )lexoﬁ ls\%nand a&@e tﬁ%@%c@%sclf é\ ﬁ@s&ate 39 I;rlor t? {ﬁe slieps de d)lcp E 'ClFfI Catl on

in a definitjon unequi vo
speci al defi I’fJiAt aﬁous \% p?aﬁts &Y aunea pmce qéﬁ?%g%pe’f‘i"ﬁed efﬂ‘?rﬂé?ldes“idﬁ"él S ”é‘?é”ﬁ‘lm the

invention is Sdl?s?a&éf’ Byomie ﬁMﬁﬁf‘"HBMO% vigeh ke~ A GMPP epplistisn Fhaesisojetion fregigng S2may be
i nsul ation | afyr@ﬁ%byat?ﬂeﬁdqfﬁfowwmgqu@hfockmsg pluAlity bfarengiias hafp 8 fpmeisetsubktay ent | on
W 1 be initiaddueqohingCll@s@ianiiduidilienaeania siodh doh®. fQERBE 4Q8) mO&crindiMayer

illustrative MMaetddned 3168 bramhi ORE: dikiid ﬁé’_«i/ hLvQ a Ihléﬁles?‘&%;ﬁ)%lnltﬂﬂa 9elSiqnd
after a co rrpl ﬁ& 1@) Jﬁ@% 9&01'912 bgr {'}gura? {y ot%eclfmques atfpc)smor%~ flllerma igr%vgﬂé ﬁ‘f present

i nvention is not §ext L g} & i nvention may
be enpl oyed with FeSFeete f“glg °%?Yveé‘ttﬂl?‘“%F°°Ts%‘&1?‘?ﬁ%‘P@§’i’%‘§"et‘ésﬁf’ﬁc‘alwan@m
CMOS, etc., afféf ?%Smﬁ&fﬁwéth@w’ﬁfrrw@dnww fermafigry ¢ dife ygate ipshilatigh fafemrfe i cimploe
devi ces, e. g. deviqre i wet qthbivd IB@8ss mayibe peGPn@ Ceg SO eSamplk, AQint: HFeVill &8 Soncefaton off NE
present i nvenpiematmy:1. al so be enployed in the context of formng .

i nt egr ated circui ﬁ‘heg&w &%w@ap 91 fre 3%' al;Jalgé 91118,51 o}' ph? clilr!:sg;[ 3? gyos(nve or)neé%.ve maEe %t ses

the ik As
fo(rameitl |en a sfglﬁl‘l%\(,:\goﬁcfpes o g es“f’sm??g gﬁpa“e“éfﬁﬁyeh°f§lﬁi‘,’?e?‘sf?isé‘i‘sélpl‘“l“ Wé?wgﬂs ?;e

fornmed above ¥ I‘f‘é"“@d"rmflh‘"‘éeés ‘%8‘5 st ats qrpesed: ftfstha groceming. g iqnimriatetion presprs as
depi ct ed i n Fdseipddy arm@ys 40)isthdn puigrmpdah implhmlodua bismsamdheaparnaads e lbERSHeHosERy be
performed to o padriendesidye ds. Wad inSan{ dofe oR)horid diddks Wit R/J?)edepeﬁdﬂlg §;Io£ L3P for

formn g NMOS tﬂ&ﬁl:ssPNQatgﬁéﬂlaﬁﬁ §xyers 'tor b@ forme@ab su@sQaQel 3'0 %‘L 'reglons wher Iﬂt?o(xgulxeaa;[orlnso n

regi ons 32 b iRSanted QF JIE. odmyarl e ues. or exanple a
plurality of ¥ ﬁ‘g"ﬁﬁﬁj Hek grr’é"“‘ g,y i s il 4°t“ﬁYe*’C§?5%@F‘¥‘5%“ lant Goseiof SRPEBHHENE | y

filled with af Th §?ff’°a°‘[ i Wj *%P@?t Pragess fegiﬁ%whfa@w@iaw efdiioriek atyw} ok the supstrate 381 | ar
sense, the s dedicpiqdibys4 rggion p%y@qe that this ion implant process 40 is performed after the sacrificial layer 34 has been
removed by performing a wet etching or stripping process, e.g., a dilute HF acid etch process.
Next, as indicated in Figure 3D, the patterned layer of photoresist 38 is removed and the surface 36 of
the substrate 30 is cleaned, The removal of the photoresist material may be accomplished by a variety of

4-



34 may be conprised of, for exanple, silicon dioxide, it nmay have a

t hi ckness of appr oxi mately 10-20 nm (100- 200 A), and it may be fornmed by a
plurality of techniques, i.e., deposition, thernmal growth, etc. Next, as
indicated in Figure 3B, a wet etching process is perforned to renove the
sacrificial layer 34 and clean the surface 36 of the substryyei#O prior to
the formation of the gate insulation |ayers for the conpleted device. This
wet etching process may be perforned using, for exanple, a dilute HF acid
at a concentration of approximately 10:1. Thereafter, as shown in Figure
3C, a patternewodswyssss of photoresi st 38 (positive or negeritsweeset erial) is
formed above tebeiqeuied, arerf@mingah oy e (Ce)phsia bsBibgproddkt, follbha bpadiebinedchel Ry Bfse Of

phot or esi st 38odasne i, dkdlnichile RlcesORBNUABK heradDiml Ja&@&%@ﬂayem lis%o@& fRS 8 the

substrate 30 ﬁ&oeneea&m%ep%fw% fmgrw&rms%%ﬁfﬁe%'mque 6’“‘*" pgr%ods %5%1 L.k 500,

rocess, nt faFuorl ne
gt ons int o t h(kah © exB"set%“ssﬁ‘%“ %‘fm“t“n%m@’ﬁbsﬂ PHpd %pri@&ﬁ B8Ed ﬂ°"’B‘S9“‘f“H%£%%ﬁ°'F S|

maski ng | ayer Wesemrﬁ@% thepspiation regivsd bpn qapopsd folthg Sfofing dnplant prRESSSARIPIopess\higyTgpulted
dependi ng upo# tiehctelidwiafor geions fiopkmgated Wit ftohie) giatites innshkrcaltcicdone. | apesdtof 0 be
formed above thlaee“spmet 1l Be Bekrity RE hdROIKIRGtDRS2 WS Betb I Rinfhdd Ohd BEBLRA®  ar e

i npl ant ed. emesfeémomtme supsaata Jmh A04 thp,goe%s%oé% xe REaREHEQL fﬁ?gesy,?' ng an

I nmp I ant dos e 91 e.nt%g 19'%/9) se{g% reecluc¥ ?r e]?tTmate the exgosedtpomons 29 v the etes %s:(j%gtfcl,ug? Pr OCESS

results in the i Ate P 0, as
indicated by a r engh‘iS‘naSS‘%‘i“atﬁo‘P &ieth SE at fpreal °61’i’“‘i“r?ﬁ1°°ésnis PpfoEEdals® WEpefagre of
performed aft enprotitetely$eie10¢0fq tg fomr gate anyolation Blersi294 Bpieqd in Rige B/ Gtk day inglatioh Byerri Ng a
wet etching or2 Bt & thppbsh Gat (Y HEASStely @.1.9.0 nm -G A) WhicRer b &Cad 18168 19606658 -
I\bXt as indi ﬁ@r&a@g thlchlesE bGHd Eﬂﬁ'e l.éQathIt Q}@ LB@stdBeecr) {ﬂt;e%esén@%?&e tﬁgrmpeQ(QJs Elﬁéd%srmg’ 8 is

: ﬁ(ram\pgﬁgt gpgsf e %}ént grocess 4(? gscrl e%above e ldlgf?renc i 'ge 1§<ne§s of %F Fsg{; 8¥ers 2 ﬁ4 Tay ValNo(\)/f

2006 WO 03/ 09&BEEIPesty ‘laeb*?/ %'e‘ebﬁ ﬂ“‘t“é"c‘l‘?ﬁ‘?‘i‘;f&é‘g’ theggubgjrate 3§y In ﬁ@?ffld}‘erﬁ“’ﬁgﬂ“%e oxygen
(02) pl asma a8y prtscebgte 3¢ dyfide Gpbmhlatyprogss d9. bheigrategieh fagithicipesadiffedntidbbtwees NS e
process. Not etht bratinsuldtion I4ykr@2 anflthe Bikel iVé@atiRf 106:€18.SIn bile @isralRS@ibbdRRM, 1h @&t Eihsiiatio he

sacrificial | ayes md¢ndea tﬂlmsz\bﬂgpr%agfy 2590 L:bﬁ1 30l ) WAL NG LA RLARE 128} £haf O

wherein fl uorhaqgatg;kpegg%faa;r&nd %&1 2dAkp the exposed portions of t he
substrate 30 and xt &2 Ea? |so atron structures 32. This is in contrast
to the prior art reocaesf PSRN E PEIOTSY 11 &OWIE e figrpariop, of oy Fapistos 6 s ® % epyed
after the i sol‘ngff"‘f%ﬁ‘ Figgi Bn sSurhamioctieienindys dastfon o thehaate felegirede; videwall rpprbegenand
process, a preouegkinrigats. Nets ittves the invertiveroeebsiieg tegptibeil Bppinathd imerity efgiedualstiof t hose
i mpl ant Ed W t Regibds hﬂjhﬁehtm@)ireeﬂﬁdﬂé dibstokersg u@ﬂntﬁm&ﬁdat&kﬁﬂalﬁtﬁﬁe@ ThAE, dde th astdt of

this new pl’ OC &&She EJCIQW&I lé;yatxl 84 fs QIngQrf ;!ri(nyto 82 ﬂutmlﬂ]@ mlpﬁxQ l)rgtregs Q(pthg Q&’n&@é oi%l% lsgﬁt}(m be
better maint al‘e%cemg is n"gt eg}alﬁ:edeby (fl tfng ﬂuorme mto %e Pgeél? re ons ner t%_ the go astl regﬁ;l)s %emF s,

substrate 30 a %acen t he
present i nvefiPTB° HayeBe geutrerg eFEBFEPGSé ey Higgeqd ﬁ?}iﬁ‘éﬁ’@ceisﬁe‘t ’éksfj’o‘% E@opéfti ons

23 of the sub&eifigeléyer Hs Avkapilicthaanesiit offtie gelation r@ionsiweips intws | ndi cated in Figure
3E, a thernmal oxi daes@A aPrBEesSs df Grigetd Gt d@@nstdingdhe LROP@EAIT thE Res@f nvention.
approxi matel y F@Q&hﬂs@@@@f &xé})axfaﬁi’é mlcgﬁﬁsﬁtm' tﬂéﬁbld@gﬂaéa nI‘l uﬁﬁﬁ (2 pl&%ﬁ the%‘}e m & We din
Fi gure 3E. Th Qctrg@heedé r}ﬁyl) ca% it Aaylg IE)oth

a
ure

v-—h

O s E‘n‘e Imes 1dent1 1etf SLsme St)‘| T resen?s data f
appr oxi mat el y 0. 1 than eh q1 suf at [ayer
44. The incr&aseéd™® ?ﬁ%‘?’i °§“” E‘r@“‘is Pféﬂ?eétnlthf)?f gRyra Fe°tﬁ‘2°ffh§ apﬂ’t‘iﬁm’f o the
presence of t Heti P“lﬁé‘f‘?ﬁ%‘éﬁsﬁlﬂdﬁﬁf‘ifmﬁlwﬁ?’ﬁﬂé@ isgligfion wgipns apetgeposedip b Biytine pplere praosss 40
descri bed abowe therfifier eghiofed @rae mching ipRcetshdint bl @ka@ssd tofevitehBade Rctbradnteorith khay er s

42, 44 may beinve@aintilsliRdbsdd AS 14D s i@ @BdV0 bl vic@fwhdrd dd @ickikkGmpliahiN Ridfd | Nt O
the substrate,3p. In general the nore fl uori ne inplanted into the

substrate 30 duri q,g“htmpett gp réqgcgl?%r4 l%reater t han t he thickness
differential between Tthe gate’ T 4¢ sl Véf éer° PUAHE T HE S & e dF at i on
| ayer 44. |n A8 i Figtrctr s v@aevﬂb‘eéﬁ Frep threshflﬁ@lwgeioethq sereplef! Bpiviresris appraeiely 42 nmay
have a t hi ckn@3wltghr g deyice xadyintagdorgang®, with B¢ Biorarmnie(hiqueSBlotAY); apmbrraeia 0.8 vaie fgat e
i nsul ati on | ayetevidd midAYh accordance with the present invention (plot 52); and approximately 11.2 volts for devices

wherein no dual gate oxide implantation step is performed (plot 54). The relatively higher threshold voltage

exhibited by plot 52 (present invention) as compared to plot 50 (prior art) means that, through use of the present
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have a thickness of approximately 2.0-2.5 nm (20-25 A). Next, additional
processing is perfornmed to conplete the formation of the transistors 46 and
48 as indicated in Figure 3F. Such processing includes formation of the
gate el ectrode, sidewall spacers and source/drain regions. Note that,
using the inventive process flow described herein, the intddrNtyz0eF t he
isolation regions adjacent the area of the substrate 30 inplanted with
fluorine atonms is maintained. That is, due to the fact that the
sacrificial layer 34 is renoved prior to the fluorine inplant process 40,
the etching rav@ombsssshe i solation regions is not enhancedusysbsopl anting
fluorine int om\temfsn khs;@ksaésa P8l oo b Fsordsith rl;gn,ﬁs dsiROh AR Fs8LaAR S, d@ﬁl ng
exposed to the r gf\ tloeI y aggressive wet etch process, e. g , HF acid

et ching process, ﬁ at I's used to renmove the sacrificial er. 34. As a
result, the integ ISF“E ?"’dlfemf‘ﬁaé KRGk (Rit °FE&|°B‘PF§“’?’%?‘1%F§“‘1“%‘F %"’“d“‘ﬁi‘lﬁ“ﬁ‘?ﬁes 4A
and 4B are pl Btlagrergfor dexipes dhuraed tige acpordguse Aitybnpresst mapiongs eoverrdftd deips Joappeds of
t he present i sweakict @i, the pFor gt precesd Aow. STha ispds GlowiDih FighesBpae agilad vabe $6i f@ldd gate
transi stor thaugst@inddviok bagein alcir@hte QiR plent Gvdidd (p1o02) & PRGBS 1&ULLaR T Or

the active/ SJﬂereﬁ‘ElQEateQ%eﬁ b Qr&%r &%B@e‘s‘s'(&xo%o’% is a;Jpllaqué?e%}n) PG, %hbéa{%%njedt fies are
identified. Lj ne h

the prior art ¥ ecﬁgﬁte dere 8’E’es%: fh?)v@d"abe ﬁhg{tlﬁ lessehélbllf %ﬁ%%&s fep a‘%g(%{hf %ng et
appl i cation. DFRge “‘F%“des‘lfa?ﬂﬁéa‘efh'rt’}“?‘ém PeAstese Fﬂg%ﬂanavt@rstsfowagm ‘E"’é%‘e SHFFEToEderet he

i sol ation reghens agrdanexyith e drict ot mecdst dper Thiels il of theprdogegsion gfitd isblier eaf t er
exposed to anreQincitingile iVeiCeHGess dlsdidid hdooth 16 QEMRIPORESxided devi ces nmade in

accordance W th t Rg, pd M xs'v@&lsn @gemﬁmab%maﬁmo@mu@%ﬁst& wﬂ!h AEnsfhord lgyers
representative of

% i ermg %'uclknezs_ A In frﬁ 1lﬁﬁrnnvF] embocfn]}]ent, {%‘f‘] mgl}?)ﬁ O(im&rlses ff)rmma a sacr{}elg lager of

Wth respect t'o
parasitic fi ePHip 8o sepEte comprid 95 é'fce”everfc’%g 2 veHfERe FReseP ’@'ﬂ‘?"éﬂ‘%ﬁf"ﬁ%ﬁ e

medi an val ue B@lgtific fiuggine talyppisth gtladied/pyftivry B th enbsirpth eftesstinatrifielal Uppiir serpreped; agd

appr oxi mat el yperf@milg ¥bdrbes oxfderton prbvess Ga@vh € AGaliyRtigte infila8@CHdrChAIVE Be sk, thely@e pri or
art techni quegsufaith @lersathhed aBR QN drilBafidn¥d sbibbted po¥iBhsloBind Mstrate kiR H@MbSES: ifRAE 1N

accordance w ta'rpzltel: tlggl a%c%%% r& thel, ég% nglﬁalaoq na %&H!)rg"ngd ?o%g %ﬁg Qf t%psgors&é nMpﬁJltéé w]ﬂ;l' 2

volts for dev[ Ces wherein no oxXI ntation step Is
performed (pl ‘t°m§41) The relatively higher threshold voltage exhibited by
pl ot 52 (present H%ﬁ‘t"ilabﬁ)b“&@mt@ﬁ*ﬁ*&’r%e Foillysragte oM as(tsinvesrion e b mpaifishd t hat |
t hrough use ofratifeé inpdifessrut equitsledt nigneri\@hbredi0 Gr03\EXIB3 rOGB BB vild T/ UIBT 2 460500

i nvention, theikng SerdiieSBor GARGE MR IptoE: @ps f i 6dve Bifiy behRridmse0 i Hitkient @Gl ONS
using the proggssts,  SELRIGH MEES kI nd @i ofimhuc&ﬁto@deilgarh@;a; 'slerQJ otk kol AT 1 Y,

;2'?6 rrgg: 3‘2 \églgelélc%be§6 J] lia:ms %%ovsg e}txse tfle(r:' ltlore dpvﬂent tl%t th? pax%cu%r embodlmel%s clxscl dsecga%ovla rrrllgy ES![ Ke

present i nventiSh°: ’§°dif‘6‘jnﬁjﬁraad“°f‘ ST adeegonsrdarr%’él&m tPF SC%PE(‘;“E?r stﬂ%%h?:f he\/\)i‘“teﬁ""t he
prior art proéesdngy brproTientoudidireinisas shigwrn thaslais iglove 4B, the nedi an val ue 56
for the gate current of the devices fornmed in accordance with the present
invention (plot 52) is approximately |ei anps/cn2, whereas the gate
current for the prior art process (plot 50) is approxinmately 0.13 anps/cn®.
The gate current for non-dual gate devices (plot 54) is shown to be
slightly less than 1 e-3 anps/cnR. Thus, through use of the present

i nvention, the undesirable gate current for the active/ STl edge capacitors
is lower than the gate current of devices made in accordance with the
prior art process flow This is the result of the reduced erosion of the
isolation regions using the inventive process disclosed herein for formng
dual gate oxides. The present invention is generally directed to a nethod
of making transistors with gate insulation |ayers of differing thickness.
In one illustrative enbodi nent, the nmethod conprises formng a sacrificial

| ayer of




materi al above a substrate conprised of silicon, performng a wet etching
process to renove the sacrificial layer, inplanting fluorine atons into
sel ected portions of the substrate after the sacrificial layer is renoved,
and performng a thermal oxidation process to forma plurality of gate

i nsul ation |l ayers above the substrate, the gate insulatiohiINgy&ll§ forned
above the fluorine inplanted selected portions of the substrate having a
thickness that is greater than.a thickness of the gate insulation |ayers
formed above portions of the substrate not inplanted with fluorine. The
particul ar enbodi ments di scl osed abo¢&AmM® i||ustrative only, as the
invention may be nodified and practiced in different but equival ent
manner s appar ent to those skilled in the art having the benefit of the

t eachi ngs hér ei nAPHOISLBPHIE t he process steps set forth above may be
performed i rforﬁ.mghfeafceﬂioe\mtayeabﬁﬂtenalMhh&gmoemprlaeuolfhirﬁdoh;ati ons are intended
to the detail] f r .shown, other than as
descri bed i ﬁer?%ngm%%g%lr%}%ﬁlﬁg r&gﬂt remov%§ (ﬂ%?re {aﬁ Gvi dent that the parti cul ar
enbodi ment s idplyEnsRetneaipny @tqﬁalyctwomamswé?a@cfuwatm%ﬁ saidcsacrifiefe] laypr is ryeved;
variations are cqpsi dered wthin the scope and spirit of the invention.
ﬁgfg;vdl ?gl {’pfrtfohrxke&' a%%%n(éltc}x@% ,&Isl%é sto = elﬁx dty o@%’tesmes&lat]:on liag'eg? zltbove salgsu%stral e
sacrificial | ayersaidJéatmbmnddlyelalﬁmvei aaovsaﬁaQﬂuoaneemBIWrwl@@d pmflors pf said gubstrate

performng a wet wgfifhhaNeknbds @h‘&ﬁ§g’§ea‘&e@thmi\éﬁ1e§%fQnd%@e@fnbufldn(»}d 1erslf&WEd above
i nplanting fluori ne at?m; into sel ected portions of said substrate after

said sacrificial PP 18 sphstR AP BRIV P ng a thermal oxi dati on
process to forma pl ural ity of gate insulation | ayers above said substrate,
said gate insul atqth ed,&iyo%amfl%ﬁzﬁe%f@#r c@i't“galfk{yﬂ%ﬂnﬁgla'l Jmteaar;mggat&%s.%wd
portions of said strate havin ness reater than

t hi cknebglicgp camprigps &atﬂég 3 1< ificiat lilyshgf)zfy@wef# Beikieoa dlaﬁévéoveﬁé‘fbﬁva&fgmbffseds%ﬂ
subst r aflieonnot i nplanted with fluorine. 2. The method of claim 1, wherein
formng a sacrificial layer of material above a substrate corrpri sed of
silicon conprises formng a sacrificial layer (34) conprised of silicon

di oxi de above a stipmethetoéclaimripyvhessinforsfing aspdrifieigifayerdf matprial shoyeprubsfte omarised 1,
wher ei 03 gl@dbﬁﬂ:dﬁﬁ)rlﬁ:s goedailyf drohidd a sla@bﬁ@lﬁl 18fer d¥RbAEA @s1ll%ﬂ@%§1d%b§b%§iﬁ E@Et&tecorrprl sed
of silicon.c rises thermally growing a sacrificial layer conprised of
silicorf® 'B?’Sfﬂogg lie¥ove said substrate conprised of silicon. 4. The nethod
of claindl, wherein perfornmng a wet etching process to renove said

sacrificial 4I aye€rrhe &ley'lfdf él@iﬁllmfelfeﬂ gﬂf&ﬂm@a@bt elc&nﬁg ];ngces%% gmmtsm@;aelmcﬂglayer
process to rempve said sacrificial |aye method of claim11, wherein

i mpl antcP‘HH‘SFﬁHﬁﬁ?qnﬁéaﬁ'ﬂW it ‘§%‘F‘é@f"é‘asﬁ96‘?“t""%ﬁ‘§ syfifidaljagersypst rate  after
said sacrificial layer is renoved conprises inplanting fluorine atons into

sel ected po I‘5t ion STH I‘netﬁ@d oq cl§1HlblS &/Eé@éll? J.m %Ptgnﬁ rflu(%@l% g(ox%sai Iserlécfé? F\lrti(lnggf%ﬁid Lu%strate

removed, said fluorine atons belng
appr oxi i affprsaif asficil Byt 55 remog e mpFBes leplanrﬁéﬂwwsotfw @lewwwwnwfé%l@ﬁuwm

i mpl antafBGaill kddbidial RyeR is@diFovéd)da@ b GloRe g ihpIaia atd doSevif Bppsdtsatelyat'é sE"RS t er
sai d sa}gnrs)'c}‘ni cial layer is renoved conpri ses:

6. The method of claim 1, wherein implanting fluorine atoms into selected portions of said substrate
after said sacrificial layer is removed comprises:

forming a patterned layer of photoresist material above said substrate; and

implanting fluorine atoms into said substrate after said sacrificial layer is removed using said patterned

layer of photoresist material as a mask.
7. The method of claim 1, wherein performing a thermal oxidation process to form a plurality of gate
insulation layers above said substrate, said gate insulation layers formed above said fluorine implanted selected

portions of said substrate having a thickness that is greater than a thickness of said gate insulation layers formed
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formng a patterned | ayer of photoresist material above said substrate; and
inplanting fluorine atons into said substrate after said sacrificial |ayer
is renoved using said patterned |ayer of photoresist material as a mask.

7. The method of claim1, wherein performng a thermal oxi (f-ltl\li ?mad%rocess to
forma plurality of gate insulation |ayers above said sub t"rg é'Psaid gate
i nsul ation |layers formed above said fluorine inplanted selected portions
of said substrate having a thickness that is greater than a thickness of
said gate insulation |ayers formed -7 1 4 NOV 7006 above portions of said
subst r aboze protions ofjsdidiswberdte weottithpldnted with fieoring oomuris s @e fopring thevnal gxidatibhgrpasmlito

oxi dat if&‘ﬂ anuQﬁ@%{Sga‘eQnsulg%rﬂygr_s QJOUJ s@%dis&b)(tra%c, sagiagta@ irisnrﬂ§cml ﬂ%r%e@%@{}essai@lﬁ@&ﬁe said
substrate, said gate insulation |ayers formed above said fluorine

i npl antBRiEntd pelectedppriings ofjseith wbgate baying adhigkaess tptds aieplsr thep afhihpsg Rlsaid gat ipsyfationg
gr eat eflayériifarined abdve pdetiv@S S saifl subiia@ nopdhMaritddSuith Alidring said Bigkes dfffereie deishov e
portio ok trate not inplanted with fluorine, said thickness
di ffergﬂ“&h%aeei%}n(gl Is'g%%r oximately 0.1-1.0 nm 8. The method of claiml,
further conprising formng a gate el ectrode structure above each of said

plurality ofg. gat @nd n&ndatiism 1] AXRF Sompising FiidhindRReflec@bdeGin@iufd above R bRkIA
perforrqupag %ftat%eugsgglionqg(irgati on process conprises performng a thernal

oxi dat Pon tﬁr OEEIBAY ayfe'nperature of approxi mately 600-1000C. 10. A

met hod, conprising: formng a sacrificial |layer of silicon dioxide above a
substrate conpri §8AmQhoddk LidifQMwhereRGefiGntHz A thenatlixidatidd pkdes@GhriddPler fafaiang
process to remve said sacrificial layer; inplanting fluorine atons into
sel ect é‘lﬁ"‘ﬁ’b?xt“{;g‘f?é’“ﬁfss §t£itﬂ‘p§’ﬁﬂr§t°f%i’?'é’x‘a‘la'ielér6°‘§'%8 Gacrificial layer of silicon
di oxide is renoved; and perform ng a thermal oxidation process to forma
plurality of,gat ghjp&ﬁ)glcg“ggsgl | ayers above said substrate, said gate
insulation layers forne 0\_% said fluorine inplanted selected portions of
sai d subst r &r®ing p sagiifitipl ey e B séljeprediaxide phpive # wibgiate serenrisqdebsilicanst hi ckness of sai d
gatle insgl a_tpwa?fln@ya_ru& fmriflfmtT e@dﬂﬂ)g’ﬁro;]e@ﬁf) l're.fhﬁﬂalssai_ﬂfsacﬁgcjidll\l,%w;bsf[ rate Pot _

i mpl anted wi.t J ugri.ne : e net hod_of claim . wher. ei erformng a
G S S e S A
above sai d subst digkide isseiogedgatie i nsul ation | ayers forned above said
fluorine i mpbamhigla HEacdkRgtion BREL! ©R?m @ humly dr SHRhhRN Sy BaMoRGaid sibbiaek ness

that is greater than a thickness of said gafe 1nsulation |ayers_forned

above portions ofsa@éaltednsé‘ B PEE °"H‘E§’ta%?"r"rﬁ?‘gﬁ‘t°é‘&e 'Wﬂa‘ﬁedfsf"fﬁ"rdipﬁ%?ns85§‘?’ﬂrs{;@éa§e

perform ng a thermavig agkickaess ihatris greatee thgisa thiokneds Of suidaatp insulaibon byersddrmgdigbove

insulation |ayer %oﬁ%%?saﬁ%hﬂ&%%%f;@%t@dwiﬁ?ﬁu@ri&?t e insulation |ayers forned
se

above said fluorine inplante cted portions of said substrate having a
thickness that is greater than a thickness of said gate insulation |ayers
formed abovaipor tihemsheifof Slaind 0 StHeRinpadf@mng b theral Ead prtdsdro Fdr @ piuragity osai d

thi .Ck”egé indlidib S LGN Ca%ov%%gié]&bstr%te,psgigXeilteml;lgufalti%/n Qe torindd Ve s e h%efax'&(e)cgseféc‘;ted
claim £ . V\‘/herel% sform.ng a sacr | ﬁl cral layer ores] fl con di OXI dé"above a
subst r @pEonsebridrsibsente heying i thicknsss teabisprenterdton  Féoknrad df yaidigatniikspigtion layere formddci al

| ayer Go&BpdridElofhid SibktataBt iﬁlFl&_i@écﬂﬁth&h&‘ilx@, Bpréles pRHEMIng 8 tHemfaPXRGhE Prbcb to
sili core}. 13 T.he rragt.hogji?.of1 C aJPm 10, whetrel.£ |rr}l)l nt |lngr %I u rgn aq[ nNg into
sel ect SFMFEIFYBPL et NWEHY BTl Spa il subshee saidgninauiatgn e fogped sy yg paiq torine

r enov ednpargdséleted portipis afsaid sgpstdtahpyingvethigknessghat ingreats dlae e thiskhepof taidaak istlatdai d
substr eﬁy@rs formed above portions of said substrate not implanted with fluorine, said thickness difference being

approximately 0.1-1.0 nm.

12 The method of claim 10, wherein forming a sacrificial layer of silicon dioxide above a substrate
comprised of silicon comprises thermally growing a sacrificial layer comprised of silicon dioxide above said

substrate comprised of silicon.

13. The method of claim 10, wherein implanting fluorine atoms into selected portions of said substrate

after said sacrificial layer is removed comprises implanting fluorine atoms into selected portions of said substrate
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-8 1 4; NOV 2006 after said sacrificial layer is renoved, said fluorine
atons being inplanted at a dose of approxi mately 5E14 -5E15 ions/cnR. 14.
The net hod of claim 10, wherein inplanting fluorine atons into sel ected
portions of said substrate after said sacrificial |ayer ii rm@d
conprises: formng a patterned | ayer of photoresist material® sai d
substrate; and inplanting fluorine atons into said substrate after said
sacrificial layer is renoved using said patterned |ayer of photoresist
material as a mask. 15. The nethod of claim 10, further conprising formng
a gat ea@dree@ttsa@tﬁ@aﬁawmekmped,amﬂ@rleaatcbm@femgmpdntecpdtad@b pftapprofimgelt &'1-680I at i on
| ayer s ;ond&n2. The net hod of claim 10, wherein performng a thermal oxidation
process conprises performng a thernmal oxidation process at a tenperature
of approxi mately 600-1000C. 17. A nethod, conprising: thermally growi ng a
sacrificial 14.ayeThohetsid of @m 16 inhxkid @npdaongeudring aloms intbtselectd pRations efhaid bubstrate
sili Cogftersﬂ%{a@r%ml%@r&.&eﬂ%&n B eSaC| d wet etching process to renove said
sacrificral layer ormn erned | ayer of photoresist naterial above
sai d substr é‘tf@mgPﬂaﬁF‘a?i‘tli‘Yﬂ’gOfﬂ%?slsﬁeatﬁ@'@h%Wﬁﬁ whsrapdnd ubstrate after said
sacrificial 1rh;ﬂahﬁﬁg ﬂuSrnfeQm\Jﬁnd) skid hﬂl&ra&&ftg sh@tatr@lcABEyer Is PdRVedAbingd AR p@femsd St
material as a na§ iro %MO%m“m%mﬂagam% her mal oxi dation process to forma
plurality of gateylns% ayers above said substrate, said gate
insulation | ayers fornmed above said fluorine inplanted sel ected portions of
sai d substrate hﬂé’lhaﬂad%f 31kt G RE S cbifsink ForBih EALRS el RRAD stR el SN &SISorefia Sai d
gate in atlon f orned above portions of said substrate not
inplanP@&W%q¥w?T%% “S-sai d thickness difference being approximtely
0.1-1.0 nm 18. The method of claim 17, wherein inplanting fluorine atons
into select qg pOI’ﬁlé H&ﬁod%ﬁ‘clﬁﬁ'lg ﬁ%&%&rﬁo&ﬂ%n ?&léﬂ%gl o§1ﬁét:gn Ergge%f cfofngrlis@sl pellféﬂllﬁléal S
renoved conprises 1nplanting tluori t ected portions of "said
subst r &teanal gidaion Péoafsaa@é‘i&rwwwéwmoa%@y|6%0 ’roé?rﬁved said fluorine atons

bei ng i npl anted at a dose of approximtely 5E14 -5E15 ions/cnR. 19. The
met hod of cI ?I m 17 etho rctorrn\ler conprising formng a gate el ectrode structure
above each o

sai WA of gate insulation layers. 20. The method of
claim17, withemesllngpoeing asapifivigl layer plesiliown diaide elmid aombspate capsised ofgllicks e s

per form ng @erf&,hﬁg M8 lute I LR WeenRE POESSo Rino shif SRABERM W&, Of approxi mately
600- 1000C. -
formmg a patterned layer of photoresist material above said substrate;
implanting fluorine atoms into said substrate after said sacrificial layer is removed using said patterned
layer of photoresist material as a mask; and
performing a thermal oxidation process to form a plurality of gate insulation layers above said substrate,
said gate insulation layers formed above said fluorine implanted selected portions of said substrate
having a thickness that is greater than a thickness of said gate insulation layers formed above
portions of said substrate not implanted with fluorine, said thickness difference being

approximately 0.1-1.0 nm.

18. The method of claim 17, wherein implanting fluorine atoms into selected portions of said substrate
after said sacrificial layer is removed comprises implanting fluorine atoms into selected portions of said substrate
after said sacrificial layer is removed, said fluorine atoms being implanted at a dose of approximately SE' -5E"

jons/cm?.

19. The method of claim 17, further comprising forming a gate electrode structure above each of said

plurality of gate insulation layers.

20. The method of claim 17, wherein performing a thermal oxidation process comprises performing a

thermal oxidation process at a temperature of approximately 600-1000°C.
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