Met hods OF Depositing Materials Over Substrates, And
Met hods OF Form ng Layers Over Substrates TECHN CAL
WO-R@E4756001] The invention pertains to net hodBCDS2004/025804
depositing materials over substrates and net hods of
fidethodgOf Bypositinpvdatesalb Qveabebstrates dndiNethads @t perotisg Layers
the invention pertains tQuamsubsttgesf form ng | ayers
associ ated with sem conductor constructions, such as,
TEGHNSGADPBIELD net hods of formng | ayers suitable for
I ncorporation into sem conductor capacitor devices.
[BACHCROUNDh&vEhiior] pértaEl toxhdtoQi2df dEpesitngamatenialserveusubstrates
applications in which it is desired to formlayers
any fetrodb of fautn@ ). lafars oversiudsitates.i In patiduladuspadisythe invention
desired to form |l ayers over sem conductor
p&disd tounbihods offarming dyaby assatiated with domtiegidaid constructions,
circuitry. Anong the nethods commonly utilized for
slichy#s, fdr@xampie) metticels @i &mmiral layap suitabipias ircoqordtiovWi)to
processes and atom c | ayer deposition (ALD) processes.
sérRo3ducfirRapacitonabagys.t ypi cal |y i nvol ves formati on of
successive atom c |layers on a substrate. Such |ayers
may conprise, for exanple, an epitaxial,
pol ycrystal |l i ne, and/or anorphous material. ALD may
BACSKGHRBUNPI@F TEHE INVEAFI@MNOoM ¢ | ayer epitaxy, atomc
| ayer processing, etc. [0004] Described in summary,
[8082]i ncl uThsreexpaameUBAPPIGAtibAS inSwHISH it & desired & forrh $dyers over
chem cal species to acconplish chem sorption of the
sEpeateds Foninstdnte, isisishuaitiy. dethed teeforra ddyleys oddn@emiconductor
chem sorption fornms a nonol ayer that is uniformy one
c@ishcivnsrarieg tlbeichiioncd ittagateel eratitnye Aexgresthd matiiddsalbmmonly
substrate. n other words, a saturated nonol ayer.
uiihizae fordaldr yormasiolf diret dhemicks saporiegositdroll Vv mheotseephhdatomic
m ght not occur on all portions of the substrate.
lallenv@soBibe $41.D)sirotesass.i nper f ect nonol ayer is still a
nmonol ayer in the context of this docunent. n many
[ep@gd]i cat i ANB, tedhdoRigy typicaip Hivalves fdrinatismblisurteskive atomic layers
nonol ayer may be suitable. A substantially saturated
offarsobstye. Sacwrgeishadwedrhpriske] 1ok eyarapid, an deiraiil, tpefcrystalline,
| ayer exhibiting the quality and/or properties desired
afidior &ucihbayeaterib0005) mEaldol estefca peiab@s atamip layge dpitaxy,
fromover the substrate and a second
atomic layer processing, etc.

[0004] Described in summary, ALD includes exposing an initial substrate to a
first chemical species to accomplish chemisorption of the species onto the substrate.
Theoretically, the chemisorptioﬁ forms a mondlayer that is uniformly one atom or
molecule thick on the entire exposed initial substrate. In other words, a saturated
monolayer. Practically, as further described below, chemisorption might not occur on all
portions of the substrate. Nevertheless, such an imperfect monolayer is still a
monolayer in the context of this document. In many applications, merely a substantially

saturated monolayer may be suitable. A substantially saturated monolayer is one that



chem cal species is provided to chem sorb onto the

first nonol ayer of the first species. The second
WGEp®siers6d s t hen purged and the steps are repeRCBUS204/625804

exposure of the second species nonol ayer to the first

BRI GRRid DaS R RYRP exﬂiﬁil%g{]th@ JUBMY aAdRF BrofMieRRie8ired for such

t he sane speci es. so, a third species or nore nay be

ﬁwggessively chem sorbed and purged just as descri bed

for the first and second species. t is noted that one

| %D?(g‘.gr e of ThEfirst bpties S PURRA Aol s RAG LML BeRRd

with inert gas to speed up pressure saturation

Vhdhits PebiBR R droNd&D A EHRIMisdro ORR] thEHFIhd8oRBYr (5friNé’hliégspecies.

a variety of techniques including, but not fimted

FREOE&TNLRPetiBs islstg%faﬁ@—:ﬁ aRAMOGepPAR! r@ﬂ@dted‘mtﬁtezgosure of the

carrier gas and owering pressure to bel ow

SERARIshbOBs RRSIRYER. 1Rk firsfYfeRickN e 69HE B LAt oHhorlayers may
speci eS contacting the substrate and/or chem sorbe

: s > ( He.
Rg’%\cﬂrlgf@’%ay@%gpilag. ARD, & ¥ifd nﬁ)&c@@%ﬁ‘ Fotd kY ?}% éycceﬁfvely

e, etc. Purging instead inclu

EHhigShHEE QnﬁI BSrg%lH b5 LRUB @ BRH o tHR AR RXELed¥nt @pt@%%s. It is noted

substance that “al fows chem sorption byproducts

28 0h P0G & W rSt, SBELIMART 83dRR @&h i FREE VRS inert gas to

preparatory to introduci ng another species. Purging

5pdBR [FPprelifrs WAERABH \ithih 4 RAUESToHafRPUr ge ti me t hat

yields an increase in filmgrowmh rate. The increase

i[Bodd]l M 9 PUighhd RELINTLRE L RRef Dt thgatd ARIyBINgALGRR Bfited to,
d my b éll tg

to a'non- ALD process regi ne an e use

@&‘ﬁ@&ﬂn%sﬂ% &H%Héﬂaeaﬁd/&ﬁﬁnéﬂcﬂﬁyer wit? 98 ieMyRs Bﬁdlgf forin pressure to
[imti at afinrte

described as a self-1i g process, int

?&HW%e 9@pq§itibﬁ%r§s’§??étoQthﬁ:eStHgl%rﬁc%%gaﬁ& %}? %J;égtoeﬁgontacﬁng the

Irst species may formchem cal bonds. T

&n%@rgrésaﬁaié&f&he@gommb%oieg. Etagmgiere l%? %%nsﬁ@ea%%_sm&ehvg Ar, He,

may al so be self-limting. Once a t Inite

RENREKeOfic S PLRInPRaf ir%Vé%r%ltiﬁé}&fél @Jr?aé?iﬂg‘?f?e?s .strgte?%r‘fd/&%onolayer

Specl es, the fi1r7st species W often no on

Rlhghy Abstdiee thdi SlioR LT RRoMEEBHF o BRRIRH M I ad '@ duces the

substrate. However, process conditions can be varie

LdhcBhihiioR Papetigs Etéé):aaegﬁg% R%B@Ugné QIFESJ[ﬁér 'aee.O'Purgaing time

self-limting. Acco may~ al so enconpass

RB§ %E%ﬁcé&%i%l?%@k@@ o B;E)"ngeptﬂﬁe m%:ﬂﬁbﬂx eh iﬁéreésiiggiﬁg )e/owth rate.

stacking of a’speci es, rmng a |ayer 2nore t

OMeRass W fﬁﬁatgrswihgé@migﬁhse ﬁﬁfﬂd@éﬁor@é@&ﬁ g%ft%:éte}ﬁ){]bALD

present 1 nventlon scribed herein are appliica

Fd¥edd leGHIBARNASy WO BESH A 2tdB¥h DD uARSEhEAmitt 1S

fur_ther not ed th_at |'ocal chem cal reactions can occur
G6607719 ALDALD ¥ oftdhSdRBftSed &a self-limiting process, in that a finite number

of sites exist on a substrate to which the first species may form chemical bonds. The
second species might only bond to the first species and thus may also be self-limiting.
Once all of the finite number of sites on a substrate are bonded with a first species, the
first species will often not bond to other of the first species already bonded with the
substrate. However, process conditions can be varied in ALD to promote such bonding
and render ALD not self-limiting. Accordingly, ALD may also encompass a species

forming other than one monolayer at a time by stacking of a species, forming a layer
2



i ncom ng reactant nol ecule can displace a nol ecule
froman existing surface rather than formng a
worwsherses over the surface). To the extent thedT/BEsoh4/025804
chem cal reactions occur, they are generally confined
midré tHah dnBeitd BE roRssulgBiRR] AYevarddusasputtt at the Hro€8]nvention
The general technol ogy of chem cal vapor deposition
de&Ykd inBrinvgleppliosdld ®f shydfircomensPebblel AL rRgessRsired. Itis -
including, but not Iimted to, plasma enhanced CVD and

R hted PP Idcal GHumTBAl rvadiioRsl carpodanr BumanASR(for nisteaby, n
conpl ete, deposited material on a substrate. One

ireBAiRLlc8EhAL heletlilc SR displadch @ ridlBtlié foecifetpgantacdfather
mul tiple species in the deposition chanber that react

tHa ff)ﬁ’ﬁiﬁ? biveordRiRs bl dndBlreiden! To lecdxtar@fiet sueictdnical reactions
contrasted with the purging criteria for traditional

olbdp, WBE BRI dbrraly RohfifdEwittin GRNIppetneskt Midrdlayepbigb@face.
deposition species that chem sorbs to a substrate or

00681 ous! Yhe geRsral REnSNEH GTheMitaNdpop HegESTor @YD) Encludes a
may provi de a sinultaneously contacted plurality of

VARG bEmoR spchitt PRoc@EseéH) WUW duttio® NGitsd ) pldata fNaBnced CVD
chem sorption, rather than D reaction occurs.

ah@otReg oVDheashinBBlyLREE tdWRFm nbhecrpRE!ES cBRplete, deposited
chem sorb to a substrate or previously deposited

nSER&T 85 a RheYVAEl DBehakiciadsE: 6D WiheRirBukseEUSHesence of
speci es may next chem sorb to forma conplete |ayer of

ni @il 8BRS iHedepokMBA hakbstanatresd: 1638AmaRe dbbosiag material.

deposition occurs |largely independent of the

SteRBesditidraB cofitrasidd ARE tHN APGhG bisri@for AAdHIBHETALD Wherein a
substrate. By contrast, chem sorption rate in ALD

sibghite Reohiktedentes siylctdiPositeasdcldsaRat dhiettidonbd ioesubstrate or
structure, and other properties of a substrate or

pFAVRIUSB IR csRpRLiRs.: ARLALEY plBESSERSEInEORdY Ftd@ﬂﬁa a §iMultaneously
exanpl'e, pressure and tenperature, nmay also influence

cORBBIca MPLIILPBF dRbRs of\aGAIcbrMBldYs cotRRBRY 8lidPIhat AOD GAE@BOrption,
that chem sorption m ght not occur appreciably on

rRAELhENCYD RAEidnteuRS IAsteatbst r’éé‘ét?ng&&d@élhérhﬂiégdrﬁ)ebfbs may
occurs at a suitable rate on other portions of the

chéimB oo H §udkRatt @) bvidsRr dpbsitaddpceids CEaviamg W suMakb8 onto

CVD processes is that there is frequently |l ess than

PR K188 LAY SERUR. mAY-FR CRERRBASIoGGIM & CBMBRAS layer of desired
I mprove step coverage over CVD processes, but several

neHifddicul ties are encountered during utilization of ALD
processes. [0011] One of the difficulties associated

jiobd] ALD emaeP@mes CVID cahdifdid, bagbsitn occurs largely independent of the
composition or surface properties of an underlying substrate. By contrast,
chemisorption rate in ALD might be influenced by the composition, crystalline structure,
and other properties of a substrate or chemisorbed species. Other process conditions,
for example, pressure and temperature, may also influence chemisorption rate.
Accordingly, observation indicates that chemisorption might not occur appreciably on
particular portions of a substrate even though it occurs at a suitable rate on other

portions of the same substrate.



deliver sufficient flux of precursor within a reaction
chanber for suitable step coverage and uniformty. The

walpdosioe1sbs y can be particularly severe when utPCT/E52004/025804
| ow vapor pressure precursor materials (such as, for

UGB €  MRLPEHIGh W @in ddcaerlitd COm pﬁ@(‘;és‘%e§ %Utﬁﬁﬁﬁére |§/ frequently

wi th’l ow vapor pressure precursor materials typical

1864 fHanURASL §5,9 esﬂvérézg@eAmb&robéée% d%\ﬂ\ﬁer&eﬁ‘tlwa'@%ve step coverage
pressure of less than or equal to about 0.1

A D F?b Eﬁe@r|¥ut|s@%r¥?<mﬁ|6ulﬁé@ﬁ@%ﬂ%oﬁ’fﬁt@l‘é‘dlroﬁﬁihg utilization of ALD
materials | nclude ,

@ggé@é&_s(dl met hyl am no)tant aI um (PDI\/AT) [0012] O her
difficulties encountered in ALD include, for exanple,

:11061‘ fjcul ti gfe %??%@ifﬁ&?ﬁesv‘éstsgmﬁié@ Wi AT EQDo&ur in dattemcf)tlng to

-mat eri al sonetines referred to as

cﬁél*v@?%uffl tflhﬁ%f ﬁ%&l?rsor' Wit r@&tlgﬁ?hérﬁgeﬁfer £ @tBle step coverage

anl um oped tantal um pent oxi d

dJu I| f ?Iﬁl(‘t:)ﬁ lop?éjdlhigﬁl @(béjrﬁcdlﬁiyge\/ereml’{@‘b@ﬁmn?tlmf?‘ %‘por

of ten seem ngl’y i nposs

eregéme yer WL érranscepaﬁy e§'f6‘|9e>laﬂiﬁléj%’§l8¢alé 9&5{%96 o biid

t he nD y- nono r' deposition o

SYUPESSS, Swn ope gﬁért #8&Sure hFeoﬁ%@ P%té#%% t%ﬁ%al y¥eing understood to be

titanium a Oto have about I'ncorpor at ed

MideRbR F@lvﬁg (?Q() l‘e’és élb? R %nt&%‘aDSFtb%%})htyo DG oy at 100°C.

acconpli's OVI |ng about twenty pulses o

E?é?ﬁ&érg%\}? Vvl r%@ésu?é’pr%ﬁ@rsBPr‘néFeans iRl ) Uk

and
precursor durl process. However, the rr% eri al

6&ﬁéﬂ|§(ﬂ%tﬁﬁ%6¥&hamﬁp@$\m Il typical I y have an

atom c | ayer O sandw chéd between thick Ta O

tge i an@th%f’ biegeukiae eﬁb@rﬂ’ér@ﬁ'ﬁAL Yiiudd {o!r eQernPI%V&ﬂiculties

nt| nuous. Accordi ng m resultin

SRBALALGiPHhS ‘F&rnﬁilorﬁ bf AReY A8k HRrd H‘H@tu‘n@s ‘?@fe@%@ﬁo a5 doped

process 1's not desire oaneneo m Xture

ARd). Tlaor@]stari@éuﬁ fcar‘l be 'd§3|p§)590rf§t‘|jr1 fitnifl Vs = Iﬁ'ﬁﬂ{um peqligide

appr oaches orm ng m xed materi a

@%Q?g%? Sﬁm{qugljr%l)pﬁly MWO)% (%?S:prlg erﬁd Vel\Gicd a(% REQH and often

ast 1 n part e di i es scusse

sre%ln% ﬁnﬁc%sr% tdPfofth e'nteou llrnocogﬁ) %P\?}%\ﬁhgﬁgntqmsdunng

t he | entlon Yas app I'Cat] ons eyon essi ng suc
f
fHLEAEAl bttt ogskaos ) 5 ALBUFLIRE Pl ol con o

féé?r@d 5@ tRRIRBEEP $ED; tﬁ%ﬁ%’&b&&’ g‘/ ’Hc% og%tgg'i/vt rﬁfgfa{‘Tagos

mtations are express reci

ﬁ]ﬁﬂnko‘gucﬁmgre%%ses ! Séfga dg%a\fﬂjma aBoGt t@évgt?%?.lhses ofa

I nvention enco pers precurs
t8ntalum precursor to one pulse of a titanium precursor during an ALD process.

However, the material resulting from such process will typically have an atomic layer of
TiO, sandwiched between thick Ta,Os layers, and often the TiO, atomic layer will not
even be continuous. Accordingly, the film resulting from separate pulses of titanium and
tantalum in an ALD process is not the desired homogeneous mixture of TiO, and TayOs.
Thus, it is desired to develop new approaches for forming mixed materials utilizing ALD

processes.



supercritical fluid, introduction of the supercritical
fluid/ precursor mxture into a reaction chanber, and

wo ooosmsisen of a nonol ayer over at | east a portPONUST004025804
substrate surface utilizing the precursor. [0015] n
qoe133S pect Alttidighithy BIVEh DM \GROAPIASSES |885t & |§’£ﬂ Ey IRYfficulties
deposition nethod in which a first precursor
dibapess abovd yemitigs REALD iptdceadesf |t © t@nﬂwofeké%&?dithbﬂﬁne nﬂfennon has
reaction chanber to forma first conponent deposit

apitatons Wel Geceaddressing SLichrdmticultied. S%Qﬁ\?énﬂbﬁ%&ﬁ@r%foré ﬁot to be
flowed into the reaction chanber after the first

IiieseLtd 3198 addBskingBRdLRh RkfiicultiRs! brBveh O MLDNRoddsaké Nec&f to the
the first precursor into the reaction chanber. The

Sesnnisht RUEE histionk %W@Exrﬂeﬁﬁt%ﬁﬁ’e&iﬂrfﬁ@eﬁﬁﬁs FapPRRb. ed
over the surface of the substrate, and the first and
second conponents together forma naterial deposited
over the substrate. The material deposited over the

SUBIMATRE ©FCIRHE hevEgyiON @ nunber of materi al s,
i ncludi ng, for exanple, netal-containing materials.

Toe et al 'Iﬁ%b@isﬁéé’tgthgﬁr‘i\%hh@f{ énc%ﬂ«fba%@é‘sgﬂéﬁer@él%?g r@éulrs}/or ina

of or consist of metal, or can be conpounds cont

dipBroméaakisidi thr@&%tbh%‘ﬂtﬁe%uﬁ@kﬂ ical fl§1H/H?ec§.‘§sorfn9f(ture into & reaction
exanple, netal nitrides and netal oxid n particul a

s pRet, andtitvendtioh of a@rﬁ&%!égé%ve? @f‘leﬁé’r‘@ﬁérﬁ@n 8t & QliateBsurtace
nmet al - cont ai ni ng conpoun the second precursor can

\BOARG tegprexesn, and the material formed fromthe
first and second precursors can conprise a netal

f0018¢. EX Gﬁ@héra‘épé@t Rk ifhiti e hpRsS P Sof R Iggedr deﬁosmon

accordance with t hodol ogy of the present Inve

rhétBbdl mhewrigi dikd W&M%‘P% didpidrsd iHR QpbASScal %hH@n@LffS\/veH into a

oxi des and haf ni um oxi des.[0016] n anot her aspect

re&BtRAChAMbENG| fHGes first %&Bé’ﬁ’erﬁﬁeﬁﬁ 18} Qgelza gLﬂ'Ya%E JF 5 &tate. A

| east two different precursors disperse

SBURRT sreblirs6ak fiblvBd thto TG c8MRA rcﬁéﬂnbbpéﬁ‘lterftﬁé’fﬂt @@Xur@gr and

the precursors dispersed thereinis

sepaatdhPin teRANBAhamsiHg of ihé@l%t%y%cfu%’omrﬁ‘o iHer r%&ctf&%to%fn%%r The

conpri'sing conponents of the at least two precursors

SBESIRS preb@séi fbirhs ABESSHPIorpdnEN dBREsited Rt fHA éu?ﬂab%( of’#hle

of any of the at |east two precursors renalning

subéthtd) dndens hahed sé&nﬂ%ﬁﬁb@ﬁent@%eﬂéﬁ’?&ﬁﬂ?ﬂk ||a§f/‘dep03|ted over

reactant is flowed into the chanbér to chem ca
tlﬁ@m&hte&t‘rh'eﬁ‘ﬁétbr@Qi@%o&fedtd@@r fhb'sebstrab %&H B!e FB? of'a number of

second material. n parti cul ar aspects,

niERGIRNd, Mcl ey, SEHERE DR, Rithdlicemafid ﬁhfé%@umhemal' ®ntaining

ot her parti cul ar aspects the first materia
NSRS St domRlsBbsHBNBAN dfick BbHsTof Hal f[& 38k %gtcr?aﬁ?gwcﬁ containing

conpri se oxygen, and accordingly the secon
n6AMEAETI Addfftion to metals, such as, for example, metal nitrides and metal oxides.
In particular aspects, the first precursor can comprise a volatile metal-containing
compound, the second precursor can comprise oxygen, and the material formed from
the first and second precursors can comprise a metal oxide. Exemplary metal oxides

which can be formed in accordance with methodology of the present invention include

tantalum oxides, titanium oxides, aluminum oxides and hafnium oxides.



for exanpl e, alum num oxi de/ haf ni um oxi de or tantal um

oxi de/titani um oxi de. BRI EF DESCRI PTI ON OF THE
WORATNGS [ 0017] Preferred enbodi nents of the POESL00MRS804

are described below with reference to the foll ow ng

a'ﬁﬁpﬂpan)" [HartbtifM 388ct, ﬁw@%@‘ntlgﬁ anluéleé & nikthod of forrr;/lng a layer

I agrammati c, Cross- sectional view of an exerrpl

RO Mddbt ﬁ‘er%ﬁf‘pr@ Hé&r‘sldlsg)%%eﬁ% a'\s# él%Hﬁcaq fll%@t TRE S8percritical

enconpassed by exenplary aspects of e present

b 88tihg the érgg,ﬂr%rs%hébe{%d' therdirdh ﬂS\K/é’mﬁ% é??actlon chambertand

Cross-section view of a sem conduct or ragme

bei-8g tc§ fo%taefﬁﬁﬂﬁat@]p@lrrﬁ)'édd?’sﬂ IbrBHRGRS Bt 1A a?[egggteﬁ?; $@Eh rsors.

exenp ary net preSent 1 nvention

ﬁftersth@fl?’s‘t i Hal rshsmféoa su@stmfaﬁ af 5@&{1}9&%@3 IE&’sttt\ngﬁFe%grsors

a processing stage’su seque t to tha

%%I:H'l%ﬁ’bg wﬁﬁln the @hé(rlnﬁe\‘ |9Ferﬁafed':ér% subs \Qﬁu@rﬁlh/ % %8&‘3@‘ is flowed

processi ng stage subsequent tot

ﬁﬁto {h%%gllnbglt &:chani dps‘a(l:l cgh\féw AMEERY L&me Bf fﬂ%%wé‘?r%tbr%% a second

Iew Oorf a Ssem con waf er ragnen

ma?elﬁfam Iﬂ?ﬁra}‘th:gra? gl@ﬁe%ltsl Qhéﬁégrﬁafeﬁla?c@ge@fr{bgsg WB@%HSH& aluminum,

resent’ i nvention

Mh(ﬂﬁ Hhert ﬁlcﬁiag as?ed’t’@theerfbst REEEN s RO n?ee#aﬂ%lurﬁ %EEI hnium.

a pro essi ng st age subsequéent to that

ﬂ n!t 8an c?orhﬁrls% d:&ggg\‘l %fndtalagorgfn B/tﬁe g‘@éo‘%l 5184 comprise,

e|ng freate processi age subsequen

fo? e&%ﬂble @urﬂ@ (ge/ﬁéfﬂrurrﬁo%&@ Qrztg]'ltaﬁJng omge/tltsanﬂJrrY bﬁéﬁé of

ragmen own at processi ng stag
subsequent to that of Fig. 7. DETAI LED DESCRI PTI ON O
THE PREFERRED EMBODI I\/EI\ITS [0026] The i nvention

Bﬁﬁ%#lﬂ ﬁ@lfuso'mliﬁ_n;_o whi ch supercritical fluid

IS Utl IZG to deliver one or nore precursors into a

S[uggf' on Cbgﬁ@a 4 bbdie s%m%hu %greogss%ﬁbeo'{ Bg%v yjith

critic can SUI € supercri

SRR e B gt E@*&SH@?@ Heal tluid can be a
gg.@{%lcorrpogbt # %.na 8|fa er crlé*{ Bloss- %%’%!Oggwl%(‘ﬁv o* arWe!(em&QFy apparatus

nst ead I cal
that can be utilized for various treatments encompassed by exemplary aspects of the

present invention.

[0019] Fig. 2 is a diagrammatic, cross-sectional view of a semiconductor wafer |
fragment being treated at a preliminary processing stage of an exemplary method of the
present invention.

[0020] Fig. 3 is a view of the Fig. 2 wafer fragment being treated at a processing
stage subsequent to that of Fig. 2.

[0021] Fig. 4 is a view of the Fig. 2 wafer fragment shown at a processing stage
subsequent to that of Fig. 3.

[0022] Fig. 5 is a diagrammatic, cross-sectional view of a semiconductor wafer
fragment at a preliminary processing stage of a second embodiment method of the

present invention.



conprise a conposition other than that of the

precursor, with an exenplary supercritical fluid being
W@ 2®sp€rs6¥ i tical fluid conprising, consisting PCT/US2004/025804

essentially of, or consisting of carbon dioxide.

[[0023]] As Fiy. Bhoswicvoffies 5igns wafer@r@iaat shov bdind Medtbs at a

art, a supercritical fluid is defined as any substance

ploatsdirgy sthgy subsequeaititd tredbf Fignperature (T ) and

critical pressure (P ). T is the highest tenperature

q0024]i ch aFigas icanichef HRnFigr § &éfdr@ra%n‘lehﬂ%cﬁvn%h?@treated ata

increase in pressure, and P is the highest pressure in

plocedsiry $tagribubsegiieeo fROVEStaRSoft Mg as.t r adi tional gas

by an increase in the liquid tenperature. n the

qoe23}l | ed Figl 8iscaliened@FigIenaicr fragieht HodnRA@SFocdfhg stage

it possesses properties of both gas and |iquid.

Sukpeqedrit to tat of figlizds differ fromtraditional |iquids

in several aspects. For exanple, the "sol vating power"

of a supercritical fluid can frequently be controlled

by changing tenperature and/or pressure to allow a

RETRILES DESERIFRON GPITHERPREFBRREDEMBOBIMERITYed.

[0028] For purposes of interpreting this disclosure

qooke] he clphamvéiiah ifdMide@Wariblemb®oa iPWRER Shbdrbibi fluid is

fluid® is utilized to refer specifically to a portion

wilized watglies dne@t nidiaprdctirdofs MtSH RICESH Eh&Aber ﬂlﬁﬁ a deposition

(i.e., is utilized to refer to the supercritica

[roegEanahe saper@riff@PNW@Shb beRhy i€ fdeYeritbReolosib@Wihin
di spersed and/or dissolved within a supercritical

Which thewdrédurssitcah ®eidisparsadP iBbiidh #8lsupbtifeal 8 can be a neat
accordingly will not be part of the superprltlca?
dompogitioangneetirso hygdally Rl AbtHRE NSQEa Mk s ibeferitical fluid will
supercritical fluid can, in some instances, be in a

cdupeise Bidohtpakitish ather taRArdlof Wi J1eE@bAYWRE aRfextMBlary supercritical
present invention can be utilized in various _

fdeposihg & 80pgrERABREs compiising) cBAitirgHRENRIPEE b céméé’%ing of

be utilized in atom c | ayer deposition processes. e
cafbdnltioxadeal | enges in conventional ALD is in delivering
enough precursor to saturate the surface of the

F0023] r at e AgUb kKbwn tBRESAR oYM Rk ity BlearS g‘é@ggrcritical fluid is
concentration pul se. Traditional "ALD utilizes gas

defiasbagighy BsIaNBE tHt RCAHCYE S critl Féﬂngéfﬁh@dﬂc)yalﬂ (?Nl%ﬂ gﬁessure

the followng limtations to the ALD process;

(RONTeRtthahighBstaémpéile aPwhish hajaB2Bh el BntdiRdd8S: lial]r'ascg/ an
or

is limted, and can be severely limted for precurs

inveerdsedn prdseurey amPP, BRIGS Bigh&st reBure il WS liRi@sSY
| ess than 0.1 Torr and 1%0 C&, al so, the cgﬂgentrgffgﬁEﬁed

t?\ﬁ itr?ﬁiﬁﬁmﬁl 9@k b an iMReddeTh tRMidRd tehPefitliieC 1€ HYsoM4diBd critical
region there is only one phase, and it possesses propetties of both gas and liquid.
Superecritical fluids differ from traditional liquids in several aspects. For example, the
“solvating power” of a supercritical fluid can frequently be controlled by changing
temperature and/or pressure to allow a wide variety precursor materials to be dissolved.
[0028] For purposes of interpreting this disclosure and the claims that follow, the

term “superecritical fluid” is utilized to refer specifically to a portion of a composition that

is in a supercritical state (i.e., is utilized to refer to the superctritical component of a
7



gas delivery lines to a reaction chanber are heated,

as inproperly heated delivery lines can result in
w@ondesses | on of precursor along the gas |ine Mel/US2004025804

route to the chanber; and (2) the sharpness of the

BEREAHIRRY. ¢w§§|m fh%%ét@ridl@bl@?_ers&@gﬁg/br FRESH &I viddin a supercritical

aspects of e present invention can address both o

hing v Dedf 8GUbBRAidd Blatedthh@Bscbingly Wik ofitife
utilizing a supercritical fluid to enhance delivery of
S@rocatiurd. t MoRERE UsreQirSork Qlispefs2BGHitha SAFERIcal fluid can, in

Specifically, dissolving or of herwi se di spersing one

EmERIstarlce¥BEah atdupblcYindl 8. Sors in supercritical
flurd can allow relatively high concentrations of the

b6 SO S MicthdeBIcRtdsd ﬂ%ré%rﬁ_ir@eﬁ%h Y BT Brilized in various

ccordingly, supercritica uid having one or no

QESHIOR rc?ce%'#nisz %hwﬂp HENS Lpe@s viRfbd p@rz%g gﬁ%ﬂi@lta%lﬁdeposiﬁon

reacti on cha to obtain a relative

ﬁ&@&ﬁé‘éf iVt 1 cl’féﬁl@ﬁé’é’ssiﬁ oMientibih W i 'ﬂ?‘g%ﬁlﬁgi?q-r&%ugh precursor

|gh concentrati on of” precursor can t hen I ze

i f : te
AR o i g A
CUBLARA A1 S8, DAY AURSLEAI) Cebeth BE i
@P?&hlﬂ%rﬁﬁﬁ@%ﬂe"fﬁllcﬂ/\flin itdTRe lt@ﬁﬁ%rALE??t%ogéé?g‘Q tRe Bﬁ%ﬁfra‘[ion of
of the invention conprise releasing the supercritica
bictidof LM doneindRy ?_gé Plﬁéste' i§ Ahnitsd 2h8 c%htblé_%revgrléh/' Gt
fl ow of the supercrit cal rnto the reaction chanber,
Beca A BRI B O 2 S Mokt 58
18P CR3H M oSy HDAEI L) B i b My g o
AT FELL Pkl a0 ) 930 oy gover e
e P . 0 ¢ . _
P S SBERGHLDB SRATLE B3R Aol WPchamner

AEP(EY B SBHUER: Of 1B YRS AL ChAGwblit B! ng one or

nore’ precursors dis herein I's provided with a
6@ i on ¢ ;

s[ upercriti Eiﬁ@@?ﬁ%ﬂ?@ ?%%ﬁ%@?“é’% H'%gﬁasc% a?ses. bo.]‘.l?]gf the

SR febbAdcBImitakighdof ALD Ero@escs%g.% Lﬁ\liiiﬁig SYRLEHREPALIAS enhance
a desired amobunt of precursor within the reaction

B 10@&5@%&%3&30@ R)? fFe%Bﬁci)r{ LRS! gggamg,:jdisc’s%wing or

that "'the flul el ease romthe supercritic

SthéMfse q@&gﬂg%ﬁé:& %o?&lom\%%fifi@g{regg%cﬂ'g ir!:jl Si R Ra R Ban allow

the flu rel eased precur

1318 061§ ARREIINEEtHRBnO Y tRE pRIcuRIREIY 5 4 ttaildd if A A volume.

Accordingly, supercritical fluid having one or more precursors dissolved therein can be

cﬁ‘?éas@ than ?.1 Torr and

er even

introduced into a reaction chamber to obtain a relatively high concentration of precursor
within the chamber. The high concentration of precursor can then be utilized in an ALD
process to form a monolayer over a substrate within the chamber.

[0031] Some aspects of the invention comprises maintaining a supercritical state
of the supercritical fluid within the reaction chamber during formation of the monolayer,

and other aspects of the invention comprise releasing the supercritical fluid from the
8



in preferred enbodi ments, correspond substantially to
a desired square pul se of precursor in the ALD
Wo emsoi3e3 chaber. [0033] f the supercritical PCTUS2004/025804
utilized in a process of the present invention
s%&?fiﬂitﬁ:bﬁsté’t@ Rer duirthg thé flbw otdhepupsistitiaal Witd thehreactmaighamber, or
3 atnmospheres, and the critical tenperature will be
aBB0Y Heshed Gmdiinbof fra6ilirkerhasiieeh erevidsanvitien tenbagionetiamber. In
mai ntain such pressure and tenperature, and in
R tdvert, e SHRRMRY 5F Sroa@edogithir iHetfiuitDsill typiceie dudp $ubstedtially as
I'n connecting lines to the reaction chanmber in order
HhPi1AG SINYRE & 8 nBh 2B EYcREcas stateq hizhtoanmeleased hightuencentration of
supercritical state of CO. The COcritica
Pl &R Bhid £ HstrdRlsurRicaWithinlthy rdaeii@r clidmater i 8 GRsis amount of
tenperatures frequently utilized in ALD reaction
ifanbers, and can be easier to maintain than
conventional ALD tenperatures. An advantage of
tdmgbhjoz' ng lr?Qs?éciﬁ@ Bs 4P tAE irlvbain, 8@leeRed vdltme of supercritical
et hodol ogy of the present invention can be that CO
it ILavﬁ@ crin¥orB PrePstrabispared fHekdTs i roweed with ki rzaction
suc t hodol ogy as woul d ot her solvents, such as, for

cﬂﬁﬁ%’@} Endd YO RESHSRA IR 146 BlSerciitR@Brtid Mah hatpbrgicadbbtate. The
the present invention can be utilized with nunerous

RHECHESPIGd id NG s8HsBS: rebSoie¥OARY & deBifeCamsmit®f precursor within
conprising one or nore netals. The 9netal - cont ai ni ng

tRE RESPESrREE. BRibYEdUenBRdnd SorfaRions aed etidngld so that the fluid is
consisting of, or consisting essentially of netal; or

Bleh8ENRrh YR YugeRdtities) sthtk] Wiziesl rdstitd prpresmberdetigsreleased from the
conprising nmetal and non-netal elenents, such as, for

R B EreldiBE@braelitsbl /s AMigreéatceniratddspulse ¢iréduesdramhich can,
aspects, nethodol ogy of the present invention is

ngiréfér?&fjeﬁ%&mm_@Hé%&%ﬂb@ﬁ& it gially RS DileEIRed @O UAerHulg, of
tantal um contai ning or titaniumcontaining precursors.

%’Q&ﬁé&»r YRR B eacasResdmb&f the invention are
escribed wth reference to Figs. 1-8. [0036]

E’&fﬂ” NG if fHetdudbloYitis filidduilizedSh alproduasmr e prpgat aivestion
that can be utilized for an exenpl ary deposition

VRGeS A0, HCRRiEANMEssid Wil B8 BBRERS aBioshherepr Arithé critical
i nvention -The apparatus 100 includes a reaction

@@Mﬁremﬁzbe Av¥@frchal febadRf chamberviafe?d suntithired tdmaintain
reaction chanber, and is shown supporting a wafer 12.

{8 DL Bl herspamher s pmaguom it o s
%ﬁg&&ﬁ IntloPin8étfiglih8¥RSthibheA:tish 8pRraberdn bided tghcdoenddutepressures
suitable to maintain the supercritical state of COx. The CO, critical temperature of 32°C
is actually lower than process temperatures frequently utilized in ALD reaction
chambers, and can be easier to maintain than conventional ALD temperatures. An
advantage of utilizing CO; as the supercritical solvent in methodology of the present
invention can be that CO, will generally not contaminate films formed utilizing such
methodology as would other solvents, such as, for example, hydrocarbon solvents.

[0034] Methodology of the present invention can be utilized with numerous

precursors, including, for example, precursors comprising one or more metals. The
9



with the direction of reactant material flow being
exenplified by an arrow 10. The chanber is exhausted

whyoosesses ng materials fromthe chanber throughCDUS$1004/025804
108, with a direction of flow of renoved materials

H\%idllﬁohtblnﬁﬁjﬁréélﬁ‘gorgléaﬁbéWiziba;toﬂ)r}’rﬂnﬁf‘erifﬁlsic%nﬁéiiﬂ%q cg?& consisting

across inlet 106 for controlling ow of mater

s&ueAtally di AstainbiediteridolR cHA b¥ @il ' isi
outel et N108 for coﬁ{rol??ﬁg fl ovul%ggga@?fgﬂﬁgﬁegglt'é%?@ggﬁmg metal

ARl clefhdPdTRuSNAS, fSNEWMDIE MbtRAGIRASY bAR&kal oxides. In

downstream of outlet 8 to assist in exhausting

ﬁ@ii&ﬂé@sﬁe&%%%ﬁab@ Fﬁﬁéb?é%@n?ih_ ° @F\ islgt%ze&l QRB&luminum-

Apparatus 0 can be u i zed for ei r CVD processes

SBnthi Hﬁé?ﬁﬁﬁscﬁﬁﬁaiMné‘,r’caﬁéﬁlﬁpbcﬁ{té{inﬁﬁQ)iﬁ%ni@@%ﬁtéik%ﬁ ot@ursors.

is configured for utilirzation in a process.
03512 PEC Exorh¥RryHspBTE & fHeSTHEOR Feoa%a' '
thegnately pdygg%&Pnto thg reactign C aﬁ%%%w@gmﬁé%ncek)
ﬁ990§g; one or nore |ayers of material over substrate
12. [0039] A pair of precursor conpositions 0 and 2

o ; ' C o] .
e s o AR R 0o o
ditided APYHRIMEMBRR GHoshBn ?%Ue‘sg W&%o?o%né% gﬁgtﬁh\égb%(or’%ltogihe present

only one of the ‘precursor conpositions
iRUEHIBRT THe Apafatlié 180 incRBAQk r8a iBﬁ%ﬁér‘nB?r 1635.‘20\ Rhtel Rbider 104 is
precursor conpositions 120 and 122 is flowed I1nto

SBAFEEHithA2nd Féa@ti&?&iarn%r,t‘%ﬂmﬁs@gﬁ&ﬁﬁ 5ot \Watte'Pz%.r An inlet 106

chanber. For purposes of I Scussi on, “precur

SRR IABMbE01 M g e%’rfoﬁt%ft ?P% \%ggﬁé’s A& df ﬂ‘ge dHabibdk sor

conmposition which is rst into t reaction

‘rfmer . ARéRark HTROSIL LiMoh2Y i ohéf%@ﬁ o ﬁ]ﬁugnttlgbglrn}% 108,

i on chanber, precursor fromthe conposi

VAtHTRB QhradRh AY&IctAf neRt8R3 R B ae&smggféegﬂgﬁi@ﬁ& }%0. The

Typically there wll be excess precu

dhafblel RMexGhadTBE by ?en%&/iﬁ&rﬁgteﬁgffg‘t?ro% ?‘%Ltrhﬁﬂ{bef ﬁ%;‘dﬂﬁoa@léte?oB, with

Wi thin the reaction chanber after e nonol aye

DERIHO bRy ofTrQﬁ]o%c?HéEecf%h t‘}!}!ﬁ‘uﬁﬁlué’:@aﬁ%& @f%@{%@??“r %‘Maﬂ/e 114 is

t he chanber 1s substanti tir

phblidedadrBss HRRTESfor c%@%ﬁﬁm J)fyrnaat%_ge? ﬁ?g@%%ﬁrﬁ&uﬁﬁé’ é valve

conposition 122 1s flowe nto c e Sécon

P8E Idfo%%d %QF&Q%HIétOI@B]fggcdnﬁoﬁih?W of ma%rﬁréarmgléh Wezmglet. A
ad 0 secon

unt i esired concentration precursor fro

pﬁ!ﬁfﬁﬁ@%"{ $Hah) £32 bb PridiaEaRh bR o ol 168 AT A4 in exhausting
chanmber. The precursor
materials from within reaction chamber 102.

[0038] Apparatus 100 can be utilized for either CVD processes or ALD
processes. In an exemplary aspect, apparatus 100 is configured for utilization in an
ALD process. In such aspect, two or more precursor compositions are alternately
pulsed into the reaction chamber to deposit one or more layers of material over
substrate 12.

[0039] A pair of precursor compositions 120 and 122 are shown provided

exteriorly of chamber 102 and in fluid communication with inlet 106 through a valve 124.

10



from conposition 122 then interacts with the nonol ayer
formed fromthe precursor of conposition 120 to either

wo 20051041563 her nonol ayer over the first nonol ayRCT/US2004/a25804
chem cally convert the conposition of the first

R08H 2Y 8En b8 cBnitftfbF BRI VIR bt o@{yto% AR tlrfzé%mélﬂ@é\*cofﬁ&@tions

precursor 122 1s formed over” subsftrate

$aPa RS2 Rkd ?’heﬁ%erq obhg tiRfeecur sor from conposition

122 can be flushed (or 1 n other words purged) from

Q’P?m]n ch aﬁ@derét%; ohOBAhé p;%:lﬁ rdof Emnlﬁ%lﬁ’&{sa%i &Aldl o Hse flowed

is utilized above to indicate that enough of t

. fnﬁ@ﬁqoa%t?e?q@ aidx%siFe‘dTéb\h%QntFeﬁBﬁ‘WerrﬂnB chBSbES ¥ ibd 0805 of this
chanber to alleviate, and preferably prevent, chem ca
GiSsds|oAn Fe%GﬁEPE&Hﬁééitlbﬂ 1RBLWPEE yREREH P thQTprdduf S composition
conp03|fPon 120 and precursor of " 'second composi {1 .on

whh id¥irMovRef ihio%Re Péacﬁ&l}g%b&p Zéf?éf%ﬁ 085550 KMBwed within

reactive surface over substrate 1 us, precursors

fh@q?%%@”‘%ﬁé“g%"”@?%%@f ABA tHhe %o%béiti&?fogrfmﬁg rhéhoidiRF bV n

cha erent and substanti

%g{b;sgé( EPJf%Défrégb%tHT@ %%{%{/@%%l}{/ﬁhérg.vﬁm% @?&{SE gﬁecjupsor within

I cul ar exenplary Ications o present

SRR A8 LR e SRR B SO BRRfchamver
TRl TRl Ol o RS SA AR i o
SR SEELEORSR, PSS RSl KA hoer Sypooauenty, e
§3RE tp[)&,furéd? %on’n??ﬁ&ﬁgr{ ﬁiﬁ g %E&v@& o bRarhbd? 1220 %%%%Eonot precursor
Is to be understood that the invention can also have

@tﬁ%dsﬁﬁ%i 23 ¢ ﬂo@cﬂngf QRS 02 ARG d JosiHE %ﬂ?&%ﬁﬁ%?&f precursor
the t e

Irst and secon precursor conpositions can

P, 0 81 O AT a0 )
e .C@g\‘aog‘iggn ?@@tk@ﬂ’intkﬁgﬁwﬁ)ﬁg ln%no?a?@?@rr%ed ﬁBHﬁh?@F&grsor of

a single irteration o process. Peci Tl Ca

i .
LR 805 T RRAERR Sl Poer oo
B{e%bgllg%:bn\?&m%%omp%@iﬁa@ Qf Bkt m%tdi/ggto@ﬁéw %mé?sl"ftg)or?. After a

purgin I rst prepursor conposi tion fronyrea
SIMIABA. A0 S RS, By SRR o

GRS SOPRERIL 55 220 AR T00h o SRSy v

&ﬁmﬁ LAha desired material over substrate to a desired
t hi ckness.

[0041] The term “substantially all” is utilized above to indicate that enough of the
free precursor is removed from within the reaction chamber to alleviate, and preferably
prevent, chemical reaction from occurring between precursor of first composition 120
and precursor of second composition 122 in any portion of chamber 102 except across
the reactive surface over substrate 12. Thus, precursors from compositions 120 and
122 will be free in reaction chamber 102 at different and substantially non-overlapping
times relative to one another in particular exemplary ALD applications of the present

invention. Specifically, second precursor composition 122 can be considered to be
11



[0043] One or both of precursor conpositions 120 and
122 conprise one or nore precursors dispersed in a
waoapenerssy i cal fluid. n a particular aspect, fPEBHUS2004/025804
precursor conposition 120 conprises one or nore
fIORERINtC NS 100 sBp@ateNsia titnehr & GFst ebcursos be®pesiiidn t2 (and
CO At | east one precursor within conposition 120 can,

vit® R/en%é?,rﬁmr%t tHeauEr dhdwRBeNd PreeSSur Corfosites atdiast ppovided
equal to about 0.1 Torr at 100 C, and the dispersal of

sPHFBNOSRRHTHIN the feBbibridhanbenesadH ddpeal offthelindetim pertains to
al l ow a nuch hi gher concentration of the precursor to

ADE biisBE it idhodbedingerstotdl tHaEhe ivntisritah A6s Havergdlieation to
the supercritical fluid. For instance, the '

CYPNGBREdRE] MY iAfsuBth BRIEEESS thé st SadisédnEipssudkse? dompositions can
supercritical fluid is frequently 1000 tines greater

béﬁ%bic?eoﬁﬁiﬂﬁ@%arcﬁ&ﬁ SbrerR0RGYUIRCnRbEMENabl e in gas
phase w thout the supercritical fluid. Al though the

@U@ crit itpalaidirahey B6w@Bf Secirabi QtspRRIBAS 1120 @hd i can be, in
nventi on can be particularly useful for

péﬁ%l‘é%;@ﬁéc@,b&!nﬁcﬁ&@&'é%@h% itdri@brSeiRAIAID bioeads. Specifically, a
I spersion can al so be useful even for high volatility

sRGRGHFSRISof arlR® ploesdd ipr fofthPB RS SdpeBit BTeriUBSIKitE AR chR cBmprise
supercritical fluid can enable fornation of a nore
ﬂé@#ngffﬁét%@edmmlcembsm&amz@infm@aﬁﬁmﬁdr@maelr qop, Juegifg first
12[ 0044] In particul ar aspects, the first precursor

pPRITRRS CbinBBsifte 1 EPABHhirs&Sion €RABbE! FO2E ARG isBtdnd frbeursr
consi sts of one or nore suitable netal -containing

cBFn?Béifi&P'i 5 s Rcish cHePioe® )t 8RR puidh @ bedttldi i€suredr composition
nmetal organic materials) dispersed in a supercritical

1bb Woth l‘”e‘alﬂﬁ?tfri' (?d'fa'i‘fgoer Roed mtif}%ti@ré{tioﬁgrépédjc&i p8cesUaibsldaM@rmed to

essentially of, or consisting of Exenplary netals

O &Be SRt MsteHbl dveZ SishstrAtel Peo ositbd IRE@ RS eCUr sor s of
conmposition 20 include hafnium titanium alum num and

20%%}5" um R4 ot6s FHoSHESIRFIRERYhD Y30 dnd #22 comprise one or

upercritical fluid exists in the supercritical state

8 Bré&dubddrs alsp&iaBdlint 4 SiserétticRIRRE Uh@ Mt lBHREEA! fitbEprecursor
are exceeded. conposition 120 compri ses precursors

f
c@ﬁ%@%’iﬁ@ﬁ fog BorﬁF@s%rsanbtdr Gritre He‘tﬁl%onfah%g%ﬂé@tﬁr@bﬂstdiﬁ@rsed in
st at

e of the fluid can be mi ntained as the fl ui

s&h&’é’ﬁticfa‘i 00,2 A% RIAECE O re6@RIBAGtHiN S6MPEMidn01 dordadt fot 8Rample, have
ch can be acconplished by maintaining suitable

a%}a%%?‘b’(e@s@@%f IRIRArEgRalb BB, PISH 2 §VEPC, aRE Stddispersal of
I ch the conposition 120 travels to maintain the

GOTBREUEOP WithiR thd SugehaRicalrtiutd ¢l alblval @uch ARABI cdadamtagion of the
102 can be configured so that the conditions within
Hré’@arsor to be obtained in a given volume than could occur without the supercritical
fluid. For instance, the concentration of precursor that can be dissolved in supercritical
fluid is frequently 1000 times greater than a concentration of precursor obtainable in gas
phase without the supercritical fluid. Although the supercritical dispersion of various
aspects of the invention can be particularly useful for low-volatility precursors, the
supercritical dispersion can also be useful even for high volatility precursors.

Specifically, dispersion of precursor in a superctitical fluid can enable formation of a

more saturated monolayer than a non-supercritical feed.
12



chanber are at or above the critical conditions of the
supercritical fluid so that the supercritical fluid is
woreioapgiseed in a supercritical state as the flRECTIUS2004/025804
enters chanber 102. The fluid can thus function as a
[0044] VOI T I partieulat sspects, e dirst ecbcarsde sompdsition 120 comprises,
concentration of precursor within the reaction
cefaetd essenfialiusthoaspeists affone e miony suiitabEnmetzbopusininigqgredirsors
is flowed into chanber 2 to the desired precursor
(dLeR @efor axaraple Whklabhatieie ndraneiahgrghhie netigreis) didpeessld in a
state of the fluid. Once the concentration is
sasdrbaicartiuid bempiighey, prédontimdtelytcatmprising t dvasiting dsseatially of, or
continue to be maintained while precursor interacts
- cndidling of @T,2ERe@blappumetalsiviich caif P& Mtikzedéds tteashe or more
nmonol ayer. n other aspects, one or nore conditions
pHéclifioPs diftenipatibh @20 Herrieaiafrt@n, fienichaaigathuan dnd iprped.
bel ow a critical condition so that the supercritical
obasyd t r apsfdMcBsddpraviogsly, Aipeedrititdl glaid sdstd i the Bhparcritical
the reaction chamber. For instance, a pressure wthin
stafewheRéiiticancaHaaiohe bf sreBslre afld tamsstaiuee Hel axoeéded. If composition
critical pressure to transformthe supercritical fluid
100 compPAsEsHERIrSdrs Wishatsed irfbiperdidd Fluidhshd fidetdritical state of the
transfornms to the non-supercritical state, the solvent
fipis@BR beirggntafinebize thé filid fidws frod @sodree ainddmpdsfiibrgrend Injet 106.
by several orders of magnitude) 13which can release a
Ssbatan pelks@®niplisBed by r@htdihing suitdbid pressre\vati@émperature along a
precursor w thin chanber 102. Such sharp pul se of
pRERGEWEPthré@h WRIDR IRECoAipoAion 1RO G@ssls @ maeaip tres&miposition in
invention relative to prior art ALD processes. [0048]
tHe duperdpitielegaé.ng descri bed above, the supercritical
state of a supercritical fluid is maintained as the
fobue ent ehanmplantEeardze cénfigirddsdiBattig essditnd withat the
the invention enconpasses other aspects in which the
cBAap&elre a8 oCabbve G @dlicalcdnbibnaobitipeupdsrtiiticaddluidl buittht the
transforms to a non-supercritical state as the fluid
shipresricanuid tshhaiftaaigaan a sipeichidal watdlss theiaidcdrase ehainber 102.
operated so that one or nore conditions in the chamber
TAE Guielaf Mh& fuhttnl ascordebivor is maintdina dediped & dbsitetbdoncentration
fluid. n such aspects, the supercritical fluidis
obipleblizetwittin BRS @b &tidpr BRkHbeer Inl such abpédt efnthaufivangon, composition
transport of the precursor to the reaction chamber,
1B0'ts flcvedahtohbmbeeth2® the HESIRIMDPELuUrESTcoBt@itiafign while maintaining
precursor within the reaction chanber. [0049] Second
tHY QpeFdittal GENP osihkiflor. 1tetnd comdehehiigt ik wehigvad, the supercritical
additional Iy to the first precursor conposition,
sgalft)él_ﬁf(fjthé fluid dah @oHiirierto BeFientar@diwhila peatdRioe Iritéracilwith a surface
uid. t
of substrate 12 to form a desired monolayer. In other aspects, one or more conditions

within the reaction chamber can be changed and dropped below a critical condition so

that the superecritical fluid transforms to a non-supercritical state within the reaction

chamber. For instance, a pressure within the reaction chamber can be dropped to

below a critical pressure to transform the supercritical fluid to a non-supercritical state.
[0047] As the fluid transforms to the non-supercritical state, the solvent

properties of the fluid drop significantly (frequently by several orders of magnitude)
13



can be particularly useful for conposition 122 to

conprise a supercritical fluid in aspects in which a
Wee@s#7s6s utilized in conposition 122 has | oWPCT/US2004/025804

volatility. [0050] n an exenplary process, first
Wﬂﬁ:ﬁ%ﬂﬁ‘f‘géaéezg g?ﬁlséQﬁe anigetiak) df sueRoRatedippecuescangithi

nore O nium alum num tantal um or

@érﬁ@é}' 1‘6@ g h%hé@%ﬁe@fdﬂp&&@ksd‘r lokh @nharitd dnsALD pidczedoftthe

orma neta ai ni ng nonol ayer over a surface of

pﬁe%Qﬁtt.E\gér&*oﬂrfeua@%qe@%M@Auowc&@@@osI tion 2 conprises

an oxi such for exarrpl e, one or nore

[@ n-coj :Pré&sgﬁb%i'ébé‘kb%d apBUE né alibdréviticaidatefod b
IeH and is utilized for converting at

slrjlfge%ﬁtlcﬁ %fmélﬁgx r{@%ta%l th@fuibitdre ERAmMB&NMO21 M I8 be understood

o oxXI n particul ar aspects, the second

ﬂ%tﬁ'? U S ioh UMBORbAdsBR ofithashectstin vﬂh&@th@%héﬁfo@f &dnfigured so

Peacrant co osition) is utilized for converting

tt}m?\ ﬁtu%QFcnﬁée{l Yuidly! ansf%F §¥c§‘5‘ n@ﬁ%up&&rﬂcﬁﬁs’:&i@%@' th@fluitiliews into the

contal ni ng rmno ayer to netal oxide. The oxi dant

cﬁ%m%&p QR GOV Ble GHAPRR? i dftfatéd 40! Etﬁiat bM]@ b€ Rloteycdiitions in the

érsed In a supercritical fluid.

cé%rgB&Sélje'b%?B 3lcﬁ GHiS RS oRNERLBARA! Rlidl MOsURHRBPEESthe

orm a netal - cont ai ni ng nonol ayer,

stgrcﬂﬁéa‘? huib % lr}ﬂ? ?edl B fehn PRRBGISBY R sofAiBn REridgH @l pofte teo

contal ni ng conponent formed fromthe

p?%c%%gr%@ fhe%a&%ﬁhﬁ)bp BulidGrot MNilZd abfa rbS&vVEIF RE BISIAY precursor

osition IS an oxygen-cont ai ni ng precursor,

meogﬁbq cft%ﬁrléﬁ%mfvérom reaction of the precursor from
conp

wth the nmetal -containing |ayer can be

L(ﬁ]félg red t C%ﬁdggp @o?b&ggé’éh&?(mhncﬁﬁ@ﬁmty drr@antibhgly to the
recursor 0 osition [ 0052] Reaction chanber 0

%dr%% 8@51@!&{ %ﬁﬁ@h’s& lelré/cu'rébr’ais@ersed%ng sUperbtidapfluid. It

erstoo reaction chanber can enconpass

%H%%{pﬁaﬁ u‘?éwfdsgﬁ'f i b%?oéﬁbrﬁﬁﬁ fol @hgride bROBErchldMuid in aspects

anc precursors can be introduced into

13%? 'oBreEU@HPﬁml n%tpﬁll do 4B 328 RaRINeAstiiynot  shown)

Peak T on c can be configured 'so that an

lg@tffo:] g9as Syfd !’@Fﬂry PFo%egg‘ FPR BFeckfr 486 boEpAidee a metal (such as,

ng of MRt or rom the chamber, and/or during

ffg%%#pq%n e d'if H%?ﬂéfn@mﬁﬁhlﬁurﬁnt%n‘tamrﬁ’ of aniGh3iIFPE upercritical

exenp ary enbodi ment of the invention is

f?Lﬁc?S dl??e gﬂli%& E) fofth %rrﬁ&%?cérﬁalﬁ 'ng%or%b%er &rdr @&l durfaBe of substrate 12.

sem conduct or "wafer fragnent is
éééoﬁat r@éu‘?&r%kmposutlon 122 comprises an oxidant (such as, for example, one or

more oxygen-containing materials, which can include, for example H,O and Og) and is
utilized for converting at least some of the metal of the metal-containing monolayer to
oxide. In particular aspects, the second precursor composition (which can also be
referred to as a reactant composition) is utilized for converting substantially all, or even
all, of the metal of the metal-containing monolayer to metal oxide. The oxidant of
second precursor composition 122 is typically not dispersed in a supercritical fluid.
[0051] if composition 120 comprises a metal-containing precursor and is utilized

to form a metal-containing monolayer, the metal formed in the monolayer can be
14



a prelimnary processing stage. Wafer fragnent
conprises a sem conductor substrate 12. Substrate 12

W@ 2050015pF | se, consi st essentially of, or consP&L/USE004/025804
nonocrystalline silicon lightly-doped with background

RfdricReto debity a W@ta@bgntbmldgrﬂoﬂfﬁbrn@ﬁﬁbhﬁéu ﬁémttﬁl@pl‘ébéﬂsgﬁof
that follow the terns "sem conducti ve substrate" and

CATRFBsRRACIZO! Qscs HAd b@b@rso%ﬁ; osfigfl 109 .sr@aexy@@bf -containing
construction conpr|S|ng sen conducti ve materi al

praglirdeh, BE oxfiatiom®dd frditdRHoh 65 th@lﬂr&mr‘éﬁﬂﬂﬁ%dsﬁ%n 122 with the
material s such as a sem conductive wafer (ei ther al one

PBtal-BorEmAIINAY P Tak %Eﬁ’éfeﬁe@% & EGTtaifRb &hi XY Gerf OGHSGRht from the
and sem conductive material |ayers (either aI one or 1In

@gg@g@,léf%n%gmghsggg other materials). The term
substrate refers to any supporting structure,

Z{le ng, RBALtioAShainb8? ¢W8H@scr%@ rﬁ%ﬁé‘eﬁlk irY lalg 1, and it is to
sub

rates descri bed above. [0054] Substrate

BEPBRIersitbd Bef thkreadltd dhambBP¥h Qﬁ:‘o asé ﬁ@r?}gﬁi)u‘é"ctynﬂg’t‘lratlons in

treatnment conposition 20. Conpositi n 20 forns a
éﬁ(ﬁfonatb ﬂh(%%ssthoﬂmp%F infAneé, dﬂ@&%oé Wb BE Sirbucdhd rréact];on

the shown aspect |ayer 1s formed across an entiret

dHARMer 06 tR66ghL4 shAmirRORP( noﬂ_émrgep d l%ggmsdhtahﬁ)'er ?QO can be

cConpri ses one or nore appropriaté precursors,
RAfigureH sBih AHPARrP gELRBILIES %‘ht& eﬁarﬁ%m@%' Ju’nﬂg tﬂez&rglng of

described wth reférence to Fig. (e.q. npri ses
ABRriANE fiFRY ﬁﬁe"&ﬁbﬁllbep ARG} BiLMY RE %S\WO'? Bfstufio? B&%Esﬁndng ifto the
supercritical uid), or conprises one or

dMagHarsors rel eased froma conposition O that
cont ai ned the one or nore precursors in conbination

Yod53] Super &# bkdrR@hn/ én%c%mérq(?#ﬁ']e ik Ribn Qsa(ﬁbslaﬁ?ed with reference to

considered to conprlse at least a conponen

RSO, Sﬁéfefrﬁr@"ihﬁglm@% .i20Q S%thorr\d?@t&t Wardl /% rﬂérptel% mﬁ;llPstrated at

the conponent” is only a pOftIOﬂ of the prec rsor

d PrefiMary é\%egé“slir% $thGe. ORaRe ‘ﬂ%ghegﬁ (%brﬁr%éers %tééngéoﬁdngtor

precursor. [005 Layer can nonol ayer

dupBir&al1by Sibkiratla 2aaARBRIPAYE 'cohist é@eﬁﬁa‘ﬁgtoﬁ%rr’%onﬁl of

substrate with conposition 20 occurs in

REREBRRallinE §lidoRtighRLdd A Wit %g@@?g&s BQ\QJC?Z&)O h'[] o aid in

surfdce to form onol ayer can physi cal

ihBERERESH BNh8RARS tHat NN hheridt @éﬂﬁbhﬁfhlvéeﬁ‘ost&e” and

particular aspects wll correspond em sor ption
“semiconductor substrate” are defined to mean any construction comprising

semiconductive material, including, but not limited to, bulk semiconductive materials
such as a semiconductive wafer (either alone or in assemblies comprising other
materials thereon), and semiconductive material layers (either alone or in assemblies
comprising other materials). The term “substrate” refers to any supporting structure,
including, but not limited to, the semiconductive substrates described above.

[0054] Substrate 12 has an upper surface 14, and is shown being treated with a
treatment composition 20. Composition 20 forms a layer 18 over at least a portion of
upper surface 14, and in the shown aspect layer 18 is formed across an entirety of

upper surface 14.
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[ 0058] Conposition 20 can conprise any suitable
precursor which leads to formation of a desired | ayer

WO 20050871563 cul ar aspects, |layer will conprise aPeEUS1004/025804
(i.e., will be a netal-containing layer), and in such

geossit st herdaiREMcoRipoSHBRLD %_@ﬁmﬁFiﬁ% SR GHmeleHppRHribfe
l'ayer 18. Exenplary netals which can be incorporated

bitc0rsbie aRd RCPHEUlar sAPEctY bbmPB the LomBbsitdh 120'¢ddeHBed with -

al um num hafnium titaniumand tantalum n specific

ASBBRESIo IS R LCHHHse8n6 OFPRF fichil cdftamiy EARESS Rispersed
consi st essentially of, or consist of one or nore of

ihl S superdriiaaifmim)] SABRPASES 8% ofthbRored@bors rélBfded M a
nmet hoxi de, and H CU. [0059] f treatnent conposition 20

ESHPSLitRRS1 JRA& doRBIRNRe BhE BH AL preEE‘r%oEsriﬁ abBIMation with
conposition can be utilized to forma m xed net al
Ldepkritit8fiufy. particul ar aspects, the precursors within
treatment conposition 20 conprise an

JboesaNUTT oS\ ABREN PERSHEIBSed R HorRpiia AiidH8: ﬁ%wﬁﬁ'%.toﬂ{arﬁ%f a

precursor, and in sone aspects t he precursors

breBalsBEfdm %Qﬁﬁ@%ﬁéﬂ 8. R R SepESS &RE bdhnbdn& g (?ﬂye a portion of

consi st of the alum numcontal ning precursor an

PRI RbATESG WHiIBiMbiREr REREUAO EomPoridte b é}rc'gﬁﬁ:%t? S?f g’lf@ ﬁ%@f rsor.

canbe fornmed to conprise, consist essentia

qomsi st of Leﬂ}eurﬂa%aﬁbaré%sﬁéuauéﬂ,ran&y&&et\ﬁfvggﬁggﬁhénoléﬂ? if the

precursors W thin treatment ‘conpositio (
GOIRhBE suBSRE 3 vBH@RidoRHbY 29fogctg§ ifQ b A DY rofess. The

titani um contal ni ng precursor an

i ERAGHOH B EOMPSIIRHNED RAIPSUFRBM4 1B iGHERASRRG 1B cah@¥REspond to a
can be formed to conprise, consist essentially of, or

SiRRRaFhtePictibh bRBIOH BNRBRhidaPRthdidh, ARPEMbricuRRBsPSts wil
I d wth a smal |

desired that |ayer contain tantal um dope

GIFRIAPENPlo dHchMbrgiBn, 1 such aspects, treat ment
conmposition 20 can consist essentially of, or consist

1t ani UghmpRdiRd Y StipH i
? g?ﬁsgl um cont gi Hi ng mpgaerg%r soES,%oc{vr\}ly% Hﬁetlbrl]%pn;egy |r88 r\(’)V 'Cth rh%ads o

folrh&fntar: i 3 T RGIAT i i
e B B B e B 1 sm B pormeryg et

BOYfIl HDa AldtalRBAEMiddTape)) SRR 5 & a g@%ﬂrsgl?n@ Et)e'ggﬁ%gggmprises the

@ayer can then be forned to conpris .

; . I t i 0 t 2 .0, i 1 Lk
BN (2 R B AT RN

RESSUAEANT SRAAF BRI CAMRARIR A0, Ko, B L8 EA .
SRRk R8b&td e BRBuIsBr & doRHloditiBN b6 8ak kofpriséicBhsist essentially of, or
consist of one or more of TiF;, titanium isopropoxide, PDMAT, TaFs, tantalum
methoxide, and HfCl,.

[0059] If treatment composition 20 comprises more than one precursor, the
treatment composition can be utilized to form a mixed metal layer 18. In particular
aspects, the precursors within treatment composition 20 comprise an aluminum-
containing precursor and a hafnium-containing precursor, and in some aspects the

precursors within treatment composition 20 consist essentially of, or consist of the

aluminum-containing precursor and the hafnium-containing precursor. In such aspects,
16



provided in a sharp concentration pulse, or in other
words are provided in a relatively square
w@ovsestseat i on pul se). Such can be acconpl i shePICTYS2004/025804
initially dispersing the precursors in a supercritical
Ia&téluiéjcar@jﬁe PS8 kdespideh coradist eassifiallydoft biecansisapbalusinum and
00 of Fig. 1. [0062] Referring next to Fig. 3, a

h%ﬁ%‘.dlnwtﬁ&lﬂsg%ts,Qﬁgb%utéowwﬁﬁn it@atidnt cagdogitiort 2@edn
construction 10, and convert layer (Fig. 2) to a |layer

céhprisis EBREIsIGREBARIIN b0 Br eehsiAlf & @fankePotitaining recursor and a
exanpl e, the precursor conposition 122 described with

drRhIGmesmeitify PicBursdy. 1Arsudh RESSUE, Ser 8 cambe dorfriedrto aomprise,
conposi tion containing precursor in supercritical

céﬁ#ét%sséhtﬁﬁy bi, 6HbGHsisR oP@ahiam dHcB@HERMI. CoNposi tion 22
w I'l conprise an oxidant. Precursor 22 can, for

@}Saaﬂl e, GURHeRsir@ izt Hyer 5 SoHthiltdntalan dopedwihed srhall
ohe or both of O and H O The oxi dant can be

aijoiuhT Safardi@n! Ire@lchaspBéta] rée@nbal diinf@shial 20 can consistasssentially
nmetal of the layer to netal oxide. For instance, if

of ¥ BbNGE R kilaPRPn-cHRARING pFe RAFSH Nt XIUREcon@iniag PEdcBiksHI, with
of one or nore of hafnium alum num titanium and

ARk lof e thalfuh BRIy SrRBUGENRBIthS Bantd@Nohtaining precursor being
essentially of, or consist of one or nore of 17hafnium

%] Ssout 8ldsnh BHEUOXOEIE andl dith 2 LEXeMpiafe raaib telrigt@age. Unayer 18 can
oxl de. n other aspects, the precursor conposition 22

1 O SRMREH & BintisBifidn Sbdit BhtbrarRgRASent @6 tBabout 10 atomic%
utifized to convert netal of layer to a netal

i didch den @Bt ahahas vEMEhellus4. [0063] Referring to

Fig. 4, construction is illustrated after nultiple

Ldo%'i Et | onsriRfprsdiRsdrs OFRSamRE s8rhpdsRRM Jotaré pFdTbladlyairovded to
o that a stack 30 containing several |ayers 24 is

HdH EBRenddtnicrSiRhicRnHa6é 14 of SRGalcateand th & apidpulse (i.e., are
repeated until stack 30 reaches a desired thickness.

dridfdePh d dHarp orRERtrAbnGRIsD Br BB rdRIr@slaleqrbddéd in a relatively

mat eri1 al deposited over substrate utilizing a single

doligfetddnBBnirtioh PEISBY. OS@hdahthelazempieddWylifitialg  Bspersiey the
to Figs. 2 and 3. Such material can conprise, in

AL GElPE sEIGERICAN i HRBESHbeRAINAt BN R tBRichpp2ratdes 00 of
cont ai ni ng an oxygen conponent from precursor 22 and a

tqal conponent from precursor 20; and in additional
or alternative particular aspects one or nore netal

Eﬁdﬁ@hdes ORAERNG InBG: 1B ng?t:af 8 @eBorkPHrEaRest confoRttion 22 is utilized to
recursor 22 and a netal conponent from precursor 20.

kP EAstitish 1P =8d icbhist Iagérel gFid10flRl DBYerod4. t Hecoptiesepbsition
I nvention I ncorporated into
22 can correspond to, for example, the precursor composition 122 described with
reference to Fig. 1, or a precursor released from a composition containing precursor in
supercritical fluid. In particular aspects, precursor composition 22 will comprise an
oxidant. Precursor 22 can, for example, comprise, consist essentially of, or consist of
one or both of Os and H.0O. The oxidant can be utilized to treat a metal-containing layer
18 to convert metal of the layer to metal oxide. For instance, if layer 18 comprises,

consists essentially of, or consists of one or more of hafnium, aluminum, titanium and

tantalum; the layer 24 can comprise, consist essentially of, or consist of one or more of
17



an exenpl ary process of capacitor fabrication.

Referring initially to Fig. 5, a sem conductor
W@ewsns71563 i on 40 conprises a substrate 42 havi PQI/E82004/025804

electrically insulative material 44 thereover.

l%miﬁH&&c?e,féﬁj_nﬁﬁu%%?mE[ {aPflurh Okid8 A0 Rt fiyrR oxide. In other aspects,

nmonocrystalline silicon |ightly-doped wth a

t@%%&fﬁé@%}p@lpbéﬁﬁ@n §? gg@&ombm@ @hitw&fip@ﬁgleﬁ{, aftd c&RBe utilized to

rise, exanp bor ophosphosi ate gl ass

éc%@é@netél%?%h%‘t&é ﬁ?&l%ﬁﬁ&-&orﬁ&ﬂﬁﬁjﬁ%ﬁ% destal 46

extends thr I nsul at1ve materi a estal 46

igﬁh@onpr | BB BHid. 20 LS FUBEIH | (Y%lillll}étrﬁfé@lddﬂ%f M{Riple iterations of
te netal, neta

ial, 1ncluding,”for exanple,

@g'ﬂ?@é&glﬁﬁ g@{i’%/g% AN v thaP Bk gd) héé&gfﬂingps%qgr%t Blers 24 is

I'S Ccon 0 a transistor devic

fonfcd | %ﬁ?gérﬁtio&gﬁﬁﬁﬁ%f&%rj ! m%@{)ﬁ&ea%ﬂles%%d’\jeﬁghes a

a source/araln n-regiron o e transi stor

(g@sY .ea ?hl?lé‘lfggoggé; ?ﬁhg %y@l;aiﬁdf Y ﬂ)@é(&{sid%%d © l%‘rg% @ateria, deposited

edest a and electric y connected w th esta
405 BBV AP AP D8, Al e
L8 2409, 18 SORRLE, oy kg SO0
PR 8]S4 5, 001 B SORH S 16

é&vﬁ’&eﬁpﬁ&ﬁy%c}r @@t a&?@%dﬂfﬁohg\\;%aﬁ%gm&iéﬁar’ aspects one or

mult1 pl e sub-conponeht's” (not sho r exanpl e

t%UFéSrﬁﬁE@i \f‘jliér‘ll]b%ﬁ%@ﬂtaﬁﬁ’rf&) h%g@ﬁ‘%?%‘r%g{t ﬁ)}f!ﬁlgpaiag,{r?c\)/r e2.2 and a metal

conduct I nsultat 1 ve“mat er

mﬁdeﬁ*géﬁﬁ%ﬂ”&q%” se nultiple layers of insulative

mat'eri a conductive layer 50 can conprise

B! < | L8150 SR T B 808l ppogsosine
PGSRy ORI BBk SR TR B 0 4 0

%e(?ﬂgbﬂ*?’cfdc%? 'coﬁﬁﬁjgiiéb E@gérig?}i%e%ra Qﬁﬁggttes42v“elv]id1gc%5éztﬁ@ally insulative

WO Or nore ne can be forne

Suarml £4 th%ﬁeogsﬂ%smi%rélé éHnoéb‘?rﬂJrrglegPr é%a%g@%ﬁ ei: 3fidry&htine

conposi ti contarns a m Xtur
S e PR A SO A0 4 o
ke T T B

ﬁg@éﬁj r th;rS]An Me%ﬂicgﬁfgdﬁrdﬁgﬁve%@dggtgpﬁé é)ltglgdsathpdufgfm %S%P:lttive material
44. Pedestal 46 can comprise any suitable electrically conductive material, including,
for example, metal, metal compounds, and/or conductively-doped silicon. Pedestal 46
is connected to a transistor device 48. Specifically, pedestal 46 is ohmically connected
with a source/drain diffusion region of the transistor device 48.

[0066] A conductive layer 50 is over pedestal 46 and electrically connected with
pedestal 46. Conductive layer 50 can comprise any suitable conductive material or

combination of materials, including, for example, metal, metal compounds and/or

conductively-doped silicon.
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does precursor 58. [0070] n a particul ar aspect,

precursor 56 can conprise al um num and precursor 58
wW@2050015pF | se haf nium The ratio of al um num t BCTTES2004025804

can be such that the netal-containing |layer 54 is

fle66md to PAN&iA sﬁxﬁ@l‘ré’teQQ”ﬁSLﬂ&ﬁ\%tmé’t@ri&r44aédﬂ'@dh'd%tt(\)ﬁgﬁ§terial 50

than ‘atonic¥% within a hafniummterial, so that

Baf oW 38Rt dBhebis RbfRs] ¥ BIY bBluHabRIBudeREGch bPREM can
n anot her aspect, precursor 56 can conprise titanium

B S RLIiSI8 'suBB oRPBN&RERdt SRokN tFRk WA mAIREsURtrh® 4 can

the titani umcontalning precursor to the

E@rﬂﬁr@ée%&@éhl@{/élgloPE&FdéEMar@ﬂHs@&iv%%&eﬁi@,tinétﬁé(tﬁ/"e mAterial 44

Is formed to have I ess than about atomc% titani um

E cdrﬁﬁ{s%qﬁtﬂtipl% #efs arin&tive ‘?nd‘t&fe"l% dng @Bkl L%?S(S Ban

have a ratio of titaniumto tantalum of from a

Ecgﬁ?iée%aﬁ@lég?éﬁ&%oggé{d%?ggtt&%&_ and such ratio can

he sa e ratio o I'tani um cont ai ni ng

?g@dr sor h@fetn‘grg& 1@'%@16‘;;; gaﬁsgrjuﬁf.ti ] PSRk 4 8?&%rsor

rsor conpositio ul e titani umc nt al ni ng

BESER R TRk, oL BfeaDhfen Terd AN U s
PO L oFapo LB S B, AT AT 5o con o
Shseiactariye gyt g pie, o or 9o

T ance L o R &P TR prooursors
EATRE e 503 AL o PR g { e

w&w&&%mm@%&e& &@%@fﬁoﬁ 8BSiTRL i RARAR }DPACLVSOPJ 56 and 58
I ng

supercritica avi ng an al um num contain

B eRli-c8Rdin Q?Eéur% CRH GHoBiiRG: 5y &ﬁ%rﬁﬂ{sg JbFRRIPAtal than

therein. n anot exenpl ary" aspect’, precur sor

&&ngﬁ’éédr'é&%éz can consi st essentially of

supercritical CO having a titaniumcontaining

E?@gﬂr sor ﬂ@p%iétﬂéﬁ%&@%@ ﬁr%%t@lbpé@garp&ﬁﬁbﬁs%%plﬁneﬂnum and

rsed therein. the advantages o

PEESest 53%159@53@@@%%%@%% Pathr d grurmﬁ&mﬁ@hgﬂﬁﬁk g&i 68 such that

can be that nu I ple precursors can be m xe

@IE ?l?%t%ﬂtio{n?c{érgﬁ% %m%isﬁg@?(ﬁ; tIB glt'é\e/% QW 'c%h&[htl%%on 8M'uminum (less

y rem xi ng

ERGH R Rhise Q/itﬁfﬁra‘TﬁafﬁﬁLanﬁEt%nélpg% %Pﬁ%&%@‘ﬁﬁ@ﬁﬁe% 35 ?T‘F]egtively

econposi ti On tenperature can avol 1 ZIn

éHrﬂﬁ{uﬁ{-Béﬁe%@' fluid nethodol ogi es

[0071] In another aspect, precursor 56 can comprise titanium and precursor 58
can comprise tantalum. The ratio of the titanium-containing precursor to the tantalum-
containing precursor can be such that layer 54 is formed to have less than about 10
atomic% titanium. For instance, layer 54 can be formed can be formed to have a ratio
of titanium to tantalum of from about 5:95 to about 10:90 (by atomic%), and such ratio
can be the same as the ratio of titanium-containing precursor to tantalum-containing

precursor in the precursor composition 52. Suitable titanium-containing precursors
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of the present invention. [0073] f conposition 52
conprises a supercritical fluid, the supercritica

WO basai4rsen, as di scussed above with reference POI/BRIPN4/025804
1, remain in a supercritical state during formation of

ihavgs, féf"exa?ﬁpl& A L o' tRARER b S XidROAN S MRS tahiaffh- Contamlng
state within a reaction chanber to provide a pul se

@Fﬁﬂﬁl %@tﬁdxldé%dtmnﬁmm | ayer 54.
Og%?'%z'ﬁ? oug I{g;(/]er 54 i s shown and described as

15[66‘%2?' ni ngrRd Je@@r%&rstd‘f@oﬂﬁbﬁhéﬂ Qﬂgré\ﬁeﬁ%Wdﬂ‘sBér@@S’m a
Formtwo or nore met al -‘contai ni ng precursors in the

t t e
SSEANERI T i pind Eod e SR A  ostior

% évfe'e {fiREY ern)éth%délbﬁgkj&?dfr%é‘bwtﬁ OtbARInRS WF?;?CVﬁé eap%rcrmcau

romtwo or nore contalnlng precursors

Eéﬁ E.Jorhtg‘r‘r;s Sé&F%@?%E%m@ﬁy N6 RIsPEH, )or%Q??hE%t CbWﬁ{ one

consi s éssent or consi$ts o S|ng

é%ﬁn'@larg s P& ot fHdlidfenBSP e&&ﬁrs&rﬁ%‘)ﬁ{poéiﬂoﬁ 88 chf o&?or %@sérﬂlally of

consi st essent or consi st

%[g{egcc@% I’t%ﬁﬁmaéyemlg %’4&%% ﬂfﬁb cglg&&r:agﬁ ?L m-containing
?&gopﬁsﬁé?&cpﬁ@@id o %%ﬂ{épgﬁerﬁﬁgrygar%é@&' Qt‘:e@u?@oF mpo ition 52

erence to some of t cursor utiliz
f
L P Lt 08 o] o v
Bhtai - cBﬁgwfﬁﬁggewrg&gfsg%gssegaﬂgﬁpf %%@@ﬁ%ﬁ%&%@%@fﬂ?pr%em

reaction c

lhggrﬂfoﬁQelyl\;eho%rlF)??rgbﬂe%ﬁl’ﬁoJoﬂ)g?é% NWEHe Akt h@BSE g?&fni?sd?é gan be

e materi al 54 t'0 another nateri

r?ﬁ(@@% a db&V&S A 84 |nCt 8 Pé?;u?s%fr%lrr]ggsﬁ&félzs a?\eraﬁﬁétﬁﬁé%%o monly

I rst rraterla | east s he layer can

gs%%nbgs%lrvﬁ% rﬁr@m%gﬁﬂ%&br@@n’s i teHP8 VP e &g(\ﬁ%oﬁ gi%ggﬁire and

articular aspects, essentl

@é?:toH %ls?ﬁoﬁkéérbofg%tut__@é/éﬂ bfsé\f] l&&ﬁﬂ)’lﬁ% EtfédsL}p%rér@gaﬁlﬁﬁxﬂﬂgthodologies

mat e ows constructron

&%@k)%sgﬁt hA¥8En 54 (Fig. 6) are treated with a

reactant conposition 60 to chemically convert |ayer 54

| nsﬂﬁ]new nﬁ‘E@rﬁb@élth@fSZ( éthﬁ%g%t% sggeﬁ:lrlﬁgatl ;Ibﬁaa{hleys nBFrcmlcal fluid

ative mater or exa

5%”?5 'd%@u%xl 9BBve RRL &R B@ touli R ZrSt‘fllaFnQn Q%}Ssr&mﬁgﬁhegdunng

to netal OXI cordi

ﬁ)ﬂﬂac‘t'i o?l%%?gﬁ‘tdr %h%e%lea@e{d HHVIRS e?grlltl{:éltsﬁ'{é%ﬁ\rédreactlon

tanta a er can consi st esse

&%?eﬂo ;S’rfoviﬁe B ot & p?éc&ﬁﬂtc@hwﬂgél%ﬂsqﬁlhféﬁjt LAy e

[0074] Although layer 54 is shown and described as containing at least two
metals and as being formed from two or more metal-containing precursors in the
embodiment of Fig. 6, it is to be understood that the invention includes other aspects in
which layer 54 is formed from only a single metal-containing precursor (or from two or
more metal-containing precursors which contain the same metal as one another) so that
layer 54 consists essentially of, or consists of a single metal. In particular aspects, layer
54 can be formed to comprise, consist essentially of, or consist of one or more of

hafnium, aluminum, titanium and tantalum.
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particul ar aspects, the ratio of titaniumoxide to

tantal um oxide within layer 62 will be from about 5:95
W0 e00al0e1563 10: 90, with an exenplary rati o bei ngPEDUS1004/025804

8:92. An advantage of processing the present invention

ez ve tp |a§/@r 84 isFbEmEEhOatd @Rniber tdidh ab e reaction chamber
titani um oxi w Il be dispersed uniformy wthout the

1 GNESIHB P Wit PeferleAt &Y Fil NMANs&RE BBthb AR Witilized to form | layer 54
interspersed relative to the tantal um oxi de. [0077]

GHHihRiin RS WIhiANe RSBRSH ctimbdh aftbimsRRALIOAIbT theAMfsr. Es%bstannauy
can consi st essentially of, or consist of alum num and

Apdithé! flee ?F&;u@y B84n ﬁ%ncb@rreﬁﬂo&u fdmanRs RRclidh tharer, MMd
consi st of al um num oxi de and haf ni um oxi de. The

DB HIN Pgjef 84 6aM bE BeRIcBSAM a FRCRIAt ﬁ)t&iﬁk/éﬂ/‘hplfaaétes%ﬁwe  of the
than or equal to atom c% and t he haf ni um oxi de can

PERFIERf IR B4 & AiBtkerPRAeRA! I@éu&ré%%te@tr IaS/QIaSH &n @&l"é@érred to as
to 90% The al um num oxi de can be uniforimy

@Brﬁ;sr@[r% fidt ﬁw@féi’llelg BRYkt FeQ% MJ‘(’)NH& %étd@an &&Wr&dewt%rbe

62 ca utilized as a dielectric materi al

GRIAAGAIK Qon el th ek oy m%k&ial 8 Pkl Elééé%ﬁ‘s 'egsé:dtiany 81, or
Specifically, a second conductive material 64

érﬁm?au%f%ye%@hse@dnwé@emttﬁé s8dorfimatdnsl spaced from
first conductive material 50 by the dielectric

1807 al 6Rig. Fhws SHIBHSHINVR) APhEmhhis 3P 15BN Pig. 6& are treated
conS|dered 90 be a first capacitor electrode, secon

Wigh 8 Wsddiare CH@IF@&!I&H 6Pt iy eORRiigy& b8 abrﬁev\?‘matengIZGZ

second capacitor electrode, and dielectric nmateri al

©RSwR s aARKHREAMINEGafR rﬂaﬁeﬁ@lzc REQ&talt &) &t fdr%xample comprise
separating el ectrodes 50 and 64 from one anot her.

HlybBR UL c%ﬂ%rlﬂlhf‘éoet%tcfoﬁ%’t %tdls%ﬁ%é’t“@ﬂt@ @Rl RideSChbdo d’dmgly if

against dielectric material 62, it"1s to be understoo

IH/'@%J&?)%&'S&V&@EM%W bhet H&%@st@%ﬂﬁém@ﬁl%ﬁﬁém{aw Iaﬁ%?@@l:an

whi ch one or nore additional dielectric materi al
cﬁ‘fn@nsf é’ésféﬁﬂal? Sror%ﬁ&@tcdfra' RixfTRé 8f ’ﬂaﬁ{allﬁgoﬁﬁé%ﬁdhfémum OXIde In

formati on of second el ectrode 64. [0079] The capacito

SRS drURbb&s, 1RO MRl F HRGiUMRbREE & BnBfim @%d@r\)\ﬁthﬁ;ﬂayﬁéﬁ‘%2%ll be

i ncorporated into a DRAM devi ce. Specifi cal

fFR BB 9T R EHOUHFH:bO MifhPeh BRrGaN) &kt Pasodk '8r9'§t An

source/drain region of transistor device 48, a

agd\‘/ﬁﬁtaﬁg%‘f\ﬂ)oc@sgsﬂdwﬁetp'?@sréﬁt BlUStcAG¥IGR ﬁ)ﬁﬂlg?ﬁrt ?‘é&gﬁé&)% is that

o be a wordline, and a second source/ i on

thé @tawl.ﬁ‘ﬁ‘ skigé Qﬁll 5&6&55&85@%%%&%%% e thRa@mPoxidd, rPﬁher than
(not shown). he shown capaci tor constructi
tﬁa@r@lbhﬁr\eﬂ@ nﬁf@ltsﬁér'séb $el§l@»e 182 2Rt bRide.

[0077] In another exemplary aspect of the invention, layer 54 can consist
essentially of, or consist of aluminum and hafnium, and layer 62 can consist essentially
of, or consist of aluminum oxide and hafnium oxide. The aluminum oxide can be
present to an atomic% of less than or equal to 10 atomic% and the hafnium oxide can
be present to an atomic percent of greater than or equal to 90%. The aluminum oxide
can be uniformly distributed throughout the hafnium oxide.

[0078] Layer 62 can be utilized as a dielectric material in a capacitor

construction. Such is illustrated in Fig. 8. Specifically, a second conductive material 64
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but one of many capacitor constructions that can be

formed utilizing nethodol ogy of the present invention.
w@eden4msepaci t or constructi ons can have ot her BECEHPER)4/025804

i ncluding, for exanple, container shapes. Also, it is

feGoMRdUb\e tRlcRa’ rhiRtals2C aRASHARH fdRY fn%?cdlﬁiu@We A8@rial 50 by the

exenpl ary device that can be forned utilizing

aelcbprRohaaya eh. tHiet wrﬂaame rhdt¥ @41 50Q%An FRNONSIIBRY to be a first
devi ces can also be forned utilizing such nmethodol ogy.

E4HRdr lérddBY&toh@BokdRtiRemdidrial E£8arf BE cONYTRII &Y be a second

applications. For instance, methodology of the present

EAPERAGH PLHRB élﬂﬁél@@ﬁl@%téﬁe{l BB calbbRoA&ére8% be a capacitor
opi ng", while alleviating and even avoi di ng

G@Fébﬁ‘l@s%éﬂaﬁﬁb Eleeid | 5tea 64 gt owe dheinet. h&l‘iﬁ’éﬂu@fﬁ sB&n

lized in prior art nethodol ogies. Materi al or ne

éuecwﬁ@%ﬁswwr&e%ﬁ@a%gé% afeldchie rﬁét%ﬁ@réz it is to be

i nvention can be patterned (via, for exanple

SEL9AL P o 08 Rl Syl e or

AItEMR0diBleb R hatoNAE afe BHRS] 6@k Siel&@Phh&HAGE2 prior to format|on of
providing a supercritical fluid conprising a precurso

SHPRELRRE4ELEI N, providing a reaction chanber havi ng
a substrate therei n, the substrate having a surface;

30@'75 1| owi ngRd B@pa%ﬁ@retfo@]%irﬁdti%ﬁloo {)Héiﬂg oy 9(5 %@Lﬁ'rﬂ(ﬁﬁ can be

i spersed therein into the reaction cha

REQBEIRER intd ¥ BRAM b&\GcaM éﬁbc‘f@@llys E] %%cﬁgr Joh@tructlon can be

substrate to forma nonol ayer over at |east a portion

&fnnb@!%d 35 §iRd o e/diin SRS SitBisistor dyﬁg H@tégg 350’[ sh?wn) of the

claim1 wherein the precursor 1s part
PR RN R e Gaf RRIORSd%eH RS Be %W@or&lﬂﬁe baY 'ats'eEéHd gcJLﬁ'Be%lram region

and two or nore precursors fromthe mxture I nterac

Wtﬁ@tramstéuaémecawbet&ﬁné&eéw QbﬁlurkM%H&% he

nonol ayer. 3. The nethod of claim 2 erein’the

ROGERHT SO STHE SHHwh EdpRCHBPEbHERICAEN. @&ﬁﬁh’élﬁé’ﬁ%t&@%d 88 and 64 is

an al um num cont ai ni ng precursor and

BLAlRE WP EAP Eﬁﬂ)é&!ltagc&{sﬁﬁ&fo%g "that ‘éan [ %rﬁ%ﬂﬁ@.ﬁé nfetitiaBlogy of the

wherein the precursors wth he mixture o
rPré@éHrrﬁ)%ﬁﬁor?@ﬁﬂeﬁ&a&a%ﬁ@r@dn@ﬂrudloﬁé o@rpplave other shapes, including, for

| um num cont ai ni ng precursor and af ni unctont ai ni ng
example, container shapes. Also, it is to be understood that a capacitor device is but
one exemplary device that can be formed utilizing methodology of the present invention,
and other devices can also be formed utilizing such methodology.

[0081] The invention can be utilized for numerous applications. For instance,
methodology of the present invention can form porous films, with desired “doping”, while
alleviating and even avoiding contamination from solvents that would otherwise be
utilized in prior art methodologies. Materials formed in accordance with methodology of

the present invention can be patterned (via, for example, a selective etch) in further

processing (not shown).
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precursor. 5. The nethod of claim2 wherein the

precursors within the mxture of precursors conprise a
WO Ra0a0#7363 cont ai ni ng precursor and a PCT/US2004/025804

tantal um contai ning precursor. 6. The nmethod of claim

ALifssein the precursors within the m xture of

precursors consist essentially of a

ti t anTpdncatioRidHimagR: ecur sor and a tantal unctont ai ni ng

precursor. 7. The nethod of claim6 wherein a ratio of

the titaniumcontaining precursor to the .

t ant al-um comeihed HJopriBe arasr over a suhsiraise GPMBAYRI:t o

about 0: 90profidingnesupRidtigalaficdmgRsthg i sretiidof diSpersed therein;

titaniumcontaining precursor is TiF or titanium
i sopr opoxi RIEVIdMeR feRetiqnaehieanehheyng aisHPsitptp theseinsthe spistrate

REMPE saksbcnBidy! am no) tantal um TaF or tantal um
et hoxi de. 9. The nmethod of claim1 wherein the

precur sor dipg theesipgraniiea] fluiddmying prerursaidisperssd teergininto the

reaWS &HafhideRan® pREUFSP Nttt WiHRRE sDFSSSHH e Slibdi@8Sto form a
than or equal to about 0.1 Torr at 0 C. . The nethod

oPnelpygraver sitedd pparind of ke siriase of Biepiubsiatea et al
hal i de and wherein the supercritical fluid

pr edopi nat ehe/meMBRIdf SRS ¢ whekain tHereBBisbPd paft of hahiiule of
wherein the precursor conprises hafnium titanium or

preryraPgHispesedmihiniherygestitical vith andier ijmperepeecursors from the
PH@FH lifiefact Withlhk surfhbd anthe BUbSIRIS RIABMH &R monolayer.
pent aki s(di met hyl am no)tantalum TaF , tantal um

et hoxjde, or Hf . 14, The nmethod of claim 1 wherein
one of: mrgh%%g;offi%ﬁ?'%%‘ﬁ]%e'f‘ﬁée PrESUEPEHVIEV ARG SPixiyFOf
pebt@eoidobripgiad af @n@hihir@t®niniidGresWBEF &id 4 hamiun-botéining
during formati on of at |east sone of the nonol ayer so
PRSY"SPhe supercritical fluid is not in a supercritical
state within the reaction chanber during formation of

at | east spmemethodhe chim alviheesin the grideurdbishaithirofhethigiure of
wherein the one or Im)i)e Cﬁnditi ons within the r%gqc%i on
RREWSRT RAP'EHPSSPRIANK CH AN AV Y T CPRE NN ERYT PRI haflim-
SoHdginhiag ipkdoti@or.f | ui d include a pressure which' is bel ow
the critical pressure of the supercritical fluid.

5. The method of claim 2 wherein the precursors within the mixture of
precursors comprise a titanium-containing precursor and a tantalum-containing

precursor.

6. The method of claim 2 wherein the precursors within the mixture of
precursors consist essentially of a titanium-containing precursor and a tantalum-

containing precursor.

7. The method of claim 6 wherein a ratio of the titanium-containing

precursor to the tantalum-containing precursor is from about 5:95 to about 10:90.

8. The method of claim 6 wherein the titanium-containing precursor is TiFs
or titanium isopropoxide, and the tantalum-containing precursor is

pentakis(dimethylamino)tantalum, TaFs or tantalum ethoxide.

9. The method of claim 1 wherein the precursor comprises a metal.
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. The method of claimwherein the one or nore
conditions within the reaction chanber are bel ow t he
it f | Ui PICT/5S2004/025804

W@ riosiemb3 condi ti ons as the supercritical
flowed into the chanber so that the supercritical
fluididr aﬁﬁfeorhe%ﬁoa of bilgn m%eﬁéim{eggrb&urgé\i ha%taa&a?oow BRBsure of

he net hod of 'claim

being flowed into the chanb
logfeinan Ar eguab tasaRasit @ﬂlTCPrE:é’UqOI Gidis flowed into the
chanber in the supercritical state and under
condi {4, onsrienbbl ®f LR iWHerdiM tHd Yo 8BS higrisE&h metal halide
fluid in the supercritical state; and after the
%\ﬂd@h%emtth%ampemrﬁ'pal fluid pregqminatal eorrprises&lez i on
chanber, conditions within the reaction chanber are
changed t oTHEHERBd LN E1aPn ¢ WherdiPHR Srefesdi ditporisbs RafMium,
the reacti on chanber to below the critical conditions
A net hod of depositing

tanivmOr SANRIV®r i tical fluid. .
material over a substrate, conprising: providing a
first1PrecresPEthan éf élam‘i‘w\ﬂﬁré?xﬁ e isredlirseH |§ frﬁvrs,emhmﬁmom

the first precursor; providing an atomc
'a%a%wqe@ﬁew@é'é@qﬂaﬁthwﬁam%ﬁan nfFa @n@&w 4ihgxide, or HCL
therein, the substrate having a surface; perform ng at
| east14_3ne THeamhathbaf eibint hevHeadih 6Mé BEMBRSEEIIRBNS within the reaction
B S e BB TP b A ITARS ekt at teas
Sopsbditad monan‘ay@rsd‘taatnm@ Gupdreritidal fid BOMRANE BUperpriticg) $igte within
Bubstantlﬁll OI , o}% of the first recurs
%ﬁ%ﬂoﬂi’rh@ FPRRY GUANY FREMEHAmBA '?‘%%ﬁ?r{‘ﬁé’ dﬂﬂé%ﬁaye&fter
of the first precursor from

purgi ng substantially all
t he remnctiThe mbmn‘o@r clafnh o greimihes@e @t tngre ecntditars within the
nt oveg’tﬁ;&hﬁwd include

to th d c
A P Srbar B alle ok B o EE g i B o iR B
£ prERouTe Rihichas beloghs dhisdadpitdsalirk of &ld supbraitiyal difiiat he

second precursr remai ning free in the chanber from
| east one oftheftr p
e one or more conditions within the

e ol eliip BBnot SR bE T 2 el

secon
reaction chamber are below the critical conditions as the supercritical fluid is flowed into
the chamber so that the supercritical fluid transforms to the non-supercritical state upon

being flowed into the chamber.

17.  The method of claim 14 wherein:
the superecritical fluid is flowed into the chamber in the supercritical state

and under conditions suitable to maintain the supercritical fluid in the supercritical state

and
after the supercritical fluid is flowed into the reaction chamber, conditions

ithin the reaction chamber are changed to reduce the one or more conditions within

withi
the reaction chamber to below the critical conditions of the supercritical fluid

18. A method of depositing material over a substrate, comprising
providing a first precursor and a second precursor different from the first

precursor;
providing an atomic layer deposition reaction chamber having a substrate

therein, the substrate having a surface;
performing at least one iteration of the following sequence
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supercritical fluid as it is flowed into the reaction
chanber. . The nethod of claimwherein the first

wEe@sisses i s dispersed in the supercritical fPCi/tiSHe4/025804
it is flowed into the reaction chanber. 20. The net hod

of clai mwher e'ﬂbvr..rgethfelfretprwuewrrﬂ@rhe&:&mﬁrué@ﬂm a first
metal. 2 . The nmethod of claimwherein the first

precur sor IRPORCTHIRNOSIAEE) ASUFRCE aliBe SHRFER: equal
to about 0.1 Tofe, %rnﬂr%othgfrrsggomﬁbﬁ‘erﬁ%d?@ﬂ? %lﬁbéﬁgrﬁliagﬂé all of any
i

wherein the first precursor conprises a ne
and wher eiof thierlirskprieewrepl femedNing fref i the sbamperdtm (he chamber;

conprises C. Zgﬂerﬁg MH%LJFJ‘%%n%HyCAII%f%W\%f §ieBursB&rom the

first precursor coO r ses haf ni um al um num titanium
or tant al ugecton, charr@errébwm B¢ sesHIcrRrapiE @ ipfottipchamber to form

second pr e&&éo%ﬂ SRevseHel surfawoﬁH@egsgtraré cal

gh
fluid as it into the reaction c 25.
The net hod of cafmrrﬁrmmféeﬁe@w qaMRaneak QUEdinGFHpstantially all of

precursors, cff HROL Lo gP&‘ruﬁft‘)q rdrfaifid ?rre%rn'r EHeCé’I‘Jan”fblePerﬁ the

as they are flowed 1nto the reactio .
met hod of @leaiberyvdngrei n: the first precursor corrprl ses
a nmetal; the first conponent conprises the netal; the

second preg 8flat Wéhé@ﬁhé‘\‘ﬁs‘f o8& Qeccﬁ‘rﬂ%ré&ﬁs&@ %Q!?Q)ersed ina

conponent conprises the nitrogen . e net hod of
cl ai muReEriEca fluidmas i lﬁﬁleweérré@%}resreﬁotmrﬁﬁran@eg a metal;
the first conponent conprises the netal; the second

precuygor m&h%@%f @Pé)ﬁg €8 iwhdRdh fﬂéﬁfrrﬁ%ﬁéétﬁs&m@ﬁ@géd in the
conprises the oxy The method of claim?2

srercsitipal flyigleastif '|S§’PW6F| éﬁ@r?%ﬁa@&ﬁﬁhﬁg@@ haf ni um the
first conponent conprises hafniumfromthe first

precus or ; T ghethod 0P ¥MER N9 Whetdieihearaledl S8t WofPFises a metal.
reacts with the hafniumof the first

21. The method of claim 19 wherein the first precursor has a vapor pressure

of less than or equal to about 0.1 Torr at 100°C.

22.  The method of claim 19 wherein the first precursor comprises a metal

halide and wherein the supercritical fluid predominately comprises CO,.

23. The method of claim 19 wherein the first precursor comprises hafnium,

aluminum, titanium or tantalum.

24, The method of claim 18 wherein the second precursor is dispersed in the

supercritical fluid as it is flowed into the reaction chamber.

25.  The method of claim 18 wherein the first and second precursors are both

dispersed in supercritical fluids as they are flowed into the reaction chamber.

26. The method of claim 18 wherein:
the first precursor comprises a metal;
the first component comprises the metal;
the second precursor comprises nitrogen; and
the second component comprises the nitrogen.
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conmponent to form haf nium oxi de. 29. The nethod of
claim28 wherein the first precursor is HC and the
w@emond’spy ecursor is HO or O. 30. The net hodrof/usioas/oms804
- 27 wherein: the first precursor is part of a mxture

of przgcurs]q{émeﬁqggopagww%gremth| n the mxture
conprise two or nore different netals; and the first
conponent tbefifst Persyraoheompses A mpiab different netals.

3 . The mahoff: BmpbRlilosRpRRNRS metdie m xture of
precursors consistS essentl al

al um num dbﬁtSaWﬂOr@e@ﬂé@ﬁﬂogtW'S%@iXy@eﬁa#ﬂﬂ um cont ai ni ng
pr ecur Sor - 3oodRFdHRIdARF: Bicisal M8 ¥er el n t he

m xture of precursors consists essenti aIIy of a

titani um containing precursor and a

t ant A8im com method §f pleise 8 ¥Hereim3. The nmethod of claim
32 wher ei g i biuRlor Bifpfddsairifhcont ai ni ng

precursor to 't tantal um cont ai ni ng precursor is from
about 5: 93he firsdlsemponant gomphsesdiediiv® fipsp tertrst pgacursiieand
met hod of ﬁle%%ﬁg%zof%@ggdoﬂdE}%uréotr?éﬁc‘tﬂ'%vﬂ?me%a%ﬁﬂ of the first
precur sor or titaniumisopropoxide, and the
qaamtoakirie dom hafniuryopdecursor is TaF , tantal um

et hoxi de or pentaki s(di net hyl am no)tantalum 35. The

met hogh of HlaiBineA&s Slalin ngheremree.r&qar&drs&ﬂ@w@rr é\*rdﬂthe
the reaction chanber are below critical conditions of
sa5end piserser iild8 oFPui d during at | east some of the
time that the supercritical fluid is within the

reactimn Chadethoa@f bRdh oF derdipercritical fluid
transforns tg a non- supercrltlcal state within the

reacti on cREMNERPreopEDs!s PaLO! FeniXiite 8 PECUSRIS35 wher ei n

the one orihERF& IS InithiAMSe Mhxtite Rokipfiss BRCE ABretdifdTBf metals;
which are below the critical conditions of the

@I?bercrltlcal fluid include a pressure which is bel ow

the criticgb fiRit @8sBbRerRicomPRsssURE 1S b ineAd difiéréhtimetdik.
The met hod of claim 35 wherein the one or nore

conditions wthin the reaction chanber are belo

critithl cHRIMEINOALT §8ih R WoGERNH His X Of PERHSPIS eBfsists
éés@M\‘?é]’l%l lonk@ alui@nGhashemiisPorebatort 1Rl & HEaIUET-Edrit&iAing precursor.

uid transfornms to the non-supercritical state upon
32. The method of claim 28 wherein the mixture of precursors consists

essentially of a titanium-containing precursor and a tantalum-containing precursor.

33.  The method of claim 32 wherein a ratio of the titanium-containing
precursor to the tantalum-containing precursor is from about 5:95 to about 10:90, by

atomic percent.

34. The method of claim 32 wherein the titanium-containing precursor is TiFs
or titanium isopropoxide, and the tantalum-containing precursor is TaFs, tantalum

ethoxide or pentakis(dimethylamino)tantalum.

35.  The method of claim 18 wherein one or more conditions within the
reaction chamber are below critical conditions of the supercritical fluid during at least
some of the time that the supercritical fluid is within the reaction chamber so that the
supercritical fluid transforms to a non-supercritical state within the reaction chamber.
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being flowed into the chanber. 38. The nethod of claim

35 wherein: the supercritical fluid is flowed into the
W@ b@soersed n t he supercritical state and under PCT/US2004/025804
- conditions suitable to maintain the supercritica

fluidagn tige ﬁ‘%ﬁfocdf'cidnﬁ@% vﬁ'teaélﬁ,the%kﬁb &f there ddﬁ@ltlons within the
supercritical fluid fl into the reacti

tq@ﬁh%@hanatzﬁﬁ Mhighgag t\ﬁj%‘#ﬁ Cf'*r‘f@' pRIHYang of &?a’%HS@FC”H?% fluid include

5*&%&% Wilch R&Sy IHaCrRBa ppéssIRY & 1RO BGhdrémiaal wid.hi n
the reaction chanber to below the critical conditions

of the supercrltl cal fluid. 39. A nethod of dep03|t| ng
mat er P&l oVB? Methashtlainsd WPF@? PRF OPPERFE APNAEoRS witfin the

FERBSIC R dmhiserlard belbw tﬁ@ﬂﬂ&fchﬁédhﬂlt@né b$ {ﬁe JUpRFDtiSAluid is flowed into
di spersed therein; provid aﬁa second precursor;

H\ecﬁhambﬁgscawaatf@rﬁueem&m ﬂul GEterBn G *@Sé‘PPzﬁH‘PEWQHM?é ptate upon

B@H?Iﬂgwgd Pebtrcdbmpkherein, the substrate having a
surface; flowng the supercritical fluid having the

first _precursor dispersed therein into the chanber to
form 8% ripe ng APSFINE YD over a surface of the

subst rat e; tranfipbtcaméd) ﬂuhh@fl@\@é?cplﬂﬁb BERBEMBE inithd Suddhétitical state
chanber after the flowing the first Iorecursor into

t he
Al BRYes fopgitiensetUitahlg 1Q tajp éhPySLi‘H?r Fitigadl f'l“fdo'ﬁw”t‘%%ul?ercn“ca' state;
Bhe®w ng of the first precursor into the reaction
chanber, the second precursor Wltg n the reaction

chanber ' f oRig"ige aURSseical uidsdiRuRe nie HirsiersipnRhambenesonditions

ﬁ/ﬁlﬁlﬁ Qlﬁ‘eere@&ldrf@lmw@ér%ngb@ﬁ) feldlisd thansheSR @81 conditions within
nponent s toget her rm ngalt he material deposited

E?\%Pa‘ft'l‘i’é chame rr*é?tt@'o‘% © crifieal repdtinsott g siRArgaicakitki n

t he supercritical £1 ui d having the first precursor

di spegged hhestrddiol Gepdsiting frlatsapeverrd dubettef tomplisirad
wherein the second precurso s dispersed in a second
supercrit i BRVIANG A FiRgEcinal f@@&m@pr WA fIShprepursey Yiragsed
tHatéint he reacti on chanber. 4 . The nethod of claim 39
wherein the fjrst grec rsor has a vapor pressure 27of

| ess than BPVEYWA S§ENIREAY L Torr at 100 C

providing an atomic layer deposition reaction chamber having a substrate
therein, the substrate having a surface;

flowing the supercritical fluid having the first precursor dispersed therein
into the chamber to form a first component deposited over a surface of the substrate;
and

flowing the second precursor into the chamber after the flowing the first
precursor into the reaction chamber and separately in time from the flowing of the first
precursor into the reaction chamber, the second precursor within the reaction chamber
forming a second component deposited over the surface of the substrate, the first and

second components together forming the material deposited over the substrate.

40.  The method of claim 39 wherein the supercritical fluid having the first
precursor dispersed therein is a first supercritical fluid; and wherein the second
precursor is dispersed in a second supercritical fluid as the second precursor is flowed

into the reaction chamber.

41.  The method of claim 39 wherein the first precursor has a vapor pressure

27



42. The nethod of claim 39 wherein: the first
precursor conprises a netal; the second precursor

W@ ovpneSes nitrogen; and the material deposit ePCDUS2004/025804
the substrate conprises a nitride of the netal from

cw;bgsftﬂ\e[ns& dfuBFlera1Rt 0.4 ForrHi@00®3 . hod of cl ai m 39

rein: the first precursor conprises a netal; the

second precursor conprises oxygen; and the materi al
deposi ed WGWHG%QB%‘W%WBG%%MH ses an oxi de of the

metal fronht et bidcisoPESAptiseea. méil; The met hod of
claim43 wherein the first precursor conprises

haf ni um  tthe SAFQNR REPCUraQiCRMPAECHEIOa%k 8t hod of cl ai m

39 wher ei i@ Rwt&Hal BBHEIES Bkrith® BEbsMatdEdmbrtes etk @Nthe metal
chanber are below critical conditions of the

feamdhedirsttire@drsen ui d at some tinme while the fluid is
within the reaction chanber so that the supercritical

f1ui dygd 1 ansfeOmBIhoki@f BlamPBe BRI i tical state within
the reaction chanber. 46. A nmethod of form ng a | ayer

over a sulBe fitst BrecHEop FPEPTRES APBW di ng a

super cri tigalsetdrid FreG RSB dofriphiBedbxygeasind wo di f ferent
precursors dispersed therein; grovi [ a reaction

; d
Shanber _halbp HEAtelia GBRISSH EVETHEP BRRUA OGRESSS Faade of the metal

R e preédrage; flow ng the supercritical fluid into
the reaction chanber and formng a first nateri al

conpri sing conmponents of the at |egst two different .
precutsor gT he 'I’ﬁ‘@”\ofjnﬂiPla%flé P"’?‘ﬁfe'rbg\eﬁl?tfpé‘?%%or&?@p“ﬁ?s hafnium,
Hi8ash A tpalbion of the surface of the substrate; after
formng the first material, sone of the at |east two
precursors_renmajning free in the chanmber: renoving,.
Subst&nt | al'1§maINoay ol Sguhea et GEmgiedriigps Winin the
Weﬁ@fﬂﬂn_rﬁhﬁ&bfet)él% Bei@unciidahtanditioas ohtetsepercatichl éfitiert some time
\&}Sggt\[/y:a Eglldgsu W?t%lig%%gela?{onaérlamobfer tsg ?hagtlt[hel seu%setrcrlrﬁ\é\ﬁ fluid transforms to

a non-supercritical state within the reaction chamber.

46. A method of forming a layer over a substrate, comprising:

providing a supercritical fluid comprising at least two different precursors
dispersed therein;

providing a reaction chamber having a substrate therein, the substrate
having a surface;

flowing the supercritical fluid into the reaction chamber and forming a first
material comprising components of the at least two different precursors, the first material
being formed over at least a portion of the surface of the substrate; after forming the first
material, some of the at least two precursors remaining free in the chamber;

removing substantially all of the at least two precursors remaining free
from within the chamber; and

after removing substantially all of the at least two precursors, flowing a
reactant into the chamber to chemically convert at least some of the first material to a

second material.

47. The method of claim 46 wherein one of the at least two different

precursors comprises hafnium and another of the at least two different precursors
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reactant into the chanber to chemcally convert at

| east sonme of the first material to a second naterial .
wd20050s63ret hod of cl ai m 46 wherei n one of thePEl/Ubmas025804

two different precursors conprises hafnium and anot her

ebmphieasaiiurhiRant; ahdheidi Biedinst npite@el oMb ASBRAMIIM fERS said one of
al um num and wherein the fl{st terial conprises

HISF RIEEHIP P SRP Srangmdragt saifl athsr atlP LEFLISAR al umi num

fromsaid other of the precursors. 48. The met hod of

cl ai ny47 wirae @hdthddéf didimsd7 windreinitiaé figpRtesiabconsists essentially of
ﬁ%sh%gt,i ally of the hafniumand the alum num 49. The

ugraned the AUNWher ei n one of the at |east two
different precursors conprises titani um and anot her of

the alug_l eashgtnmh@ﬂ éffdﬁilﬁl%f\@feiéiurm@rcﬁ _thélximéé§ﬁf§io different

tantal umy an erein the fjrst material c ri ses

PIREUROlmTaIRPS 1T &N Angthey Gl ek e S 4wl Aiferemt pracufsors

toraprissaitantalufe lanafwHeben BeaRstBateal cothprisbetitamitifebrataid one of

clalm49 wherein the reactant c?g%rl ses oxygen, and

W’?e?ré?‘ﬂs?rﬁé‘”éﬁ%ﬂ?'&ﬁ]fr%ﬁ%‘@r"@?‘*‘éﬁ RIPCY8ASt sone of

the first material conprises oxidation of at |east

sone _elf).l t hg‘ hé wﬁ:i&dwm?gam 49 wteeneit ﬁhéjrfeabimt f:d:)rhprlisr?s ofxygen, and
terial. . e nmetho claim erein the first

Hhe i G bBniel P B! Blaest % RenE Reh e rampiies

bRthdnwhat fEast dme okthb aghtalfimednalititarfium o eedirst rhéterial.

react ant conprises oxygen; and wherein the chemni cal

conversi on_of at, | .SO of the first.materia .

o P52 oo TP e ety et Ae ish Gl L s btegosentiall o
tHeditdninrstandabhetanddlumo form t he second material to

consi st of tantal um oxi de and titani um oxi de. 53. The

met hod, of im,4 .2 i e of cursors.
e ROl BB A 0 e ARSI anc
ohbein bk chhaigal emvesiorsofias least some of the first material comprises

B A IR Aot et P B0 B B et
obnséstiofltantedurofoxideexngrtiteriums okiget 0 sai d ot her of the
precursors within the supercritical fluid is from

about -5: 95 90, i The. et 0 | aj .49
wher EIS% a ;I’é%’ inﬁekﬁg#g ?fijct?aérﬁid'g r\r'?'fe 56'5 gﬁidﬁ] it %‘?\?wh g %riefc’lurt%hg ' %Fs or
titanium isopropoxide; and wherein said other of the precursors is

pentakis(dimethylamino)tantalum, TaFs or tantalum ethoxide.

54. The method of claim 49 wherein a ratio of said one of the precursors to
said other of the precursors within the supercritical fluid is from about 5:95 to about
10:90.

B5. The method of claim 49 wherein a ratio of titanium to tantalum within the
first material is from about 5:95 to about 10:90.

56. The method of claim 46 wherein the reactant comprises oxygen, and
wherein the chemical conversion of at least some of the first material comprises

oxidation of the first material.

57. The method of claim 46 wherein one or more conditions within the
reaction chamber are below critical conditions of the supercritical fluid at some time
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first material is fromabout 5:95 to about 0:90. 56.

The nmethod of claim46 wherein the reactant conprises
w@oegesrseand wherei n the chem cal conversi on OPCHUS2004/025804

| east some of the first material conprises oxidation

@ﬁué #8 slipsretiticarti @l igih thddhanThe sorikitake Sfipertraican ffid transforms o
wherein one or nore conditions within the reaction

2 RarBuperarticabaiptaWithin thedgrction f8RIP8hs of t he

supercritical fluid at sone tinme 29while the
super gg.i t i TRé niditddbfickirm B7iWeraihandete sramblaajontifiens within the

supercritical fdetranforrrBto non ercriti
SPRISS ST D 38 BEeRaRe Srtibaim SRS Ot SHepleafuid inolude

& bAisBuR WIS Is8icibvi the cpifieal PFesdDifccofmn SiiddrariigaMiuiddi n t he
reacti on chanber which are below the critical

condi tions_of the supercritical fluid includ ) o
or essiif-e WANE MO ICiI BRAINEFeip thepnepraB ongiopsithin the

@é@@drpéhaﬁ’rhbéﬁbref bélb\ﬁi th&&rtrc&%nﬂﬁbh@és e gtipaiomi&al fluid is flowed into
erein the on ?gltlofn ttglnthe reaction
@ﬁ&ﬁ‘ﬁ@r@eé?cetrﬁg “Pﬁ'@”[‘,cﬁ lyig Fiangigrps {9 BREo[SUpPFETtical state upon

BIRGTI6Wed intdhefdntiBet.s fl owed into the chanber so that
t he supercrltlcal fluid transfornms to the

non- s erc t|c st a on being flowed into the
chanb@-. e*ﬂ? Oﬁeqfﬁ[’i"ﬂ"'%?"@]eé?ﬂw 57 wherein: the

SUper criti thel subbtériticdl ﬁlérﬁhs)mrzbd d mtogthta l@aambaﬁberreb%upetr&rmcal state
er I‘Itl St n under, condit].o Sulta e to,,
- opdions b Bie 3 Melle the Sitetertioa bR e s dhetGtcal state;
§rtcate and after the supercritical fluid is flowed
S Wt

into the reactjon chanpber, .conditio

oacti on cRAIES Suron STt SR o facBieetgmngs cgnaitions
wiaralitid @astior dHainbel B drenged B reghedherone@r pedrevoiiditons within
b 2B o b oM SBe el 5L B oaifuia
conprising: providing a supercritical fluid conprising

a titeni umAcosthed of fogning ap@&r bvermna autdtrate, oompnsmg
t ant al umcont@l nin corrgosurcﬁn di s ers d t her
A

pr ovi di ng HOVENG T BiPerHm i iRiETY < Rukgtaiing
tdrep@iition dndiea &utaalmabmarm&rgr dmg];msmun fd&persealﬂﬁbrérhpvm ng
t he supercrltrcal flugd I.nt e reactbot and
forming a providing a reaction cham er aving asu rate erern the substrate
having a surface; and

flowing the supercritical fluid into the reaction chamber and forming a
material comprising titanium from the titanium-containing composition and tantalum from
the tantalum-containing composition, the material being formed over at least a portion of

the surface of the substrate.

62. The method of claim 61 further comprising exposing the material to
oxygen to convert at least some of the tantalum in the material to tantalum oxide, and to

convert at least some of the titanium in the material to titanium oxide.

63. The method of claim 62 wherein substantially all of the tantalum in the
material is converted to tantalum oxide, and wherein substantially all of the titanium in

the material is converted to titanium oxide.

64. The method of claim 61 further comprising flowing an oxygen-containing
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material conprising titaniumfromthe
titani um containing conposition and tantalumfromthe

W@ 2006471563 cont ai ni ng conposition, the materi al POBEUSIYP04/025804
forned over at least a portion of the surface of the

iiBh §nto ﬁ'?e reget%nr@{ah%r QfterGbidhiny &k hblictiBiethe oxygen-containing

co risin osing the materjial to oxygen.to convert
qMpostien i er@e ing With Entadyrn and #ann Hfsthﬁétaé?ﬂadﬂo fogm tantalum oxide
drank@lity idede, and to convert at |east some of the
titaniumin the material to titanium oxide. 63. The

met hod of claim62 wherein substantlallgtall of the

t ant #um i hhe methedob pialn 6 Whetshy 8pe dree Janiip-gPaiaining
é@ﬁ'\&ﬁl’uoﬁ%ﬁd%@ﬁ@r‘\tﬂluﬁi—’&ﬁﬁé}ﬁ%g abhpoatidn Rimdi ﬁ'eiw'thlﬁ ﬂfﬁa' dllﬁlrnber after

inthe material is converted to titaniumoxid
fpmaingéhehmatesal dreanmngd further HWP%%PV@IWQSUPPT@W'EH'Q aélr?f the free

tﬁﬁﬁg Q@l[bo%%lﬁ'é BbrﬂﬁoMet tbﬁﬁldnﬁb@ntbfhﬁlgrc%ﬁfﬁdsﬁﬁn from within

nber arter formng the material,
R ghambeatricainthedlovsiesdhe Pwenrwetaaumg FRIMRASitipn into the chamber.
tantalum and titaniumof the material to formtantal um

oxi degg@ind thd RRtHIN P Blafhe 61 Smerelh theRipBRsitied| fIGidéHoﬁ‘al@t% essentlally
wherein sone free titani umcontaini n%rtconposn tion

(e RRAVAPIRR BERCAIPRSHEN T HRRYERY MEW e anscrlieR v Sonsist of
thB Atri AR Shtamfrigedont s iibA Andl i BRtRIrh@bntainitly doRideeRion.

further conprising purging substantiall y all of the

free tltanl umc nta| ni Ng _conposi tion
t ant 4o o5 PO EBI 6L NG Frem &) omfiRnLcontaining

SInagHRAion A6 tt@taﬁ@l%@oﬁtbtﬂm%n@‘oemb@ WaKygea s@sEntritical flgy is from
osition into the chanber. 66. The nethod of claim

Co
PPUHREPLP AP Ostber critical fluid consists
essentially of CO, and wherein the conpositions

di spegsed Thé hiethoﬁrwpl%tﬂﬁeﬂ hetdic alratid ofitbe dlanBinstoradining

thetltanl cont ai ni ng. conposi ti.on and .t he -
Gosea G e TR BRI CRU B e st wihdhe sl 5from abour
s:batdautwb@oei n a ratio of the titani um containing
conposition to the t ant al um cont ai ni ng conposi tion

vvithl the Su crl from about .5:95 to .. .
about %0: obne i %ﬁ?ﬁédﬁ‘&fe"&ﬁ%?tﬁ?%imvﬁ?@faéﬁ'?ﬂ gomposition.is
T|H£ bmlt@hlumhgo;irbp@tdeu ahe aneaiminegactialpesortaining ttomphsition is
@J‘Halu %nt E@PIUO withi the material is
fioids, § MENERRURt hod of

cI aim6l wher e| n the titani um contai ni ng conposition
is 70. The method of claim 61 wherein one or more conditions within the

reaction chamber are below critical conditions of the supercritical fluid at some time
while the supercritical fluid is within the reaction chamber so that the supercritical fluid

transforms to a non-supercritical state within the reaction chamber.

71. The method of claim 70 wherein the one or more conditions within the
reaction chamber which are below the critical conditions of the supercritical fluid include

a pressure which is below the critical pressure of the supercritical fluid.

72.  The method of claim 70 wherein the one or more conditions within the
reaction chamber are below the critical conditions as the supercritical fluid is flowed into
the chamber so that the supercritical fluid transforms to the non-supercritical state upon

being flowed into the chamber.
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Ti F or titaniumisopropoxide; and wherein the

tant al um cont ai ni ng conposition is tantal um ethoxi de,
waamwsou7spent aki s(di met hyl am no)tantal um 70. TPeT/De1000025804

of claim61 wherein one or nore conditions within the

react ¥®n chbhebethar o clabhd@ vdraréincal conditions of the

supercritigal flui, 0 ti ile the . "

supercriti swpmnﬁc%u@u?ﬁ?meﬁgo%g a?gﬁ'ingﬁr phmBmergfical state

achtundereondiplenscsuittblead nfaliniaid the supghaitioal fluf ia the supercritical state;

gr(])dlw_-supercriti cal state within the reaction chanber. 7

. The nmethod of claim70 wherein the one or nore

condi ti onsafiértthé Bupdieriticaiitiid isrilovd e theMactivredHRiniRr @snditions

the critical conditions of the supercritical quig!, o

YVigiEp reé‘cﬁ% Sr G dipnged Fﬁa'ie ¢ K Qe qrimeegp conditions within

heesadtion chhmbbetosiehar Bieidritieal lcohditivrs. of TRs sullegcrialTRd. Of

claim70 wherein the one or nore conditions within the

reacti on chanber are below the critical conditions as

t he supercritical fluid is flowed into the chanber so

that the supercritical fluid transfornms to the

non-supercritical state upon being flowed into the

chanber. 3173. The nethod of claim 70 wherein: the

supercritical fluid is flowed into the chanber in the

supercritical state and under conditions suitable to

mai ntain the supercritical fluid in the supercritical

state; and after the supercritical fluid is flowed

into the reaction chanber, conditions within the

reacti on chanber are changed to reduce the one or nore

conditions within the reaction chanber to bel ow t he

critical conditions of the supercritical fluid. 32
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