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- pressure at tenperatures below their

WO (13/ 060976 PCT/ USOZ/ 41242 13 JUN 2006 CONTAM NATI ON SUPPRESSI ON IN
_.CHEM CAL FLUI Q, Qﬁg’%l TI ON BACKGROUND 5 This invention reﬁ@f/ﬁs%zh&imt hods

for depositing naterlals onto a substrate surface or |nto a porous solid.
Thin filnms of materials such as netals, sem conductors, e
< [FAwagee

~insulators are of great tnportance in the m croel ect r oni cs

Fabrication of i ntegrated circuits invol ves formation of high purity thin
films, often with mJIt le: 1o |ayer R‘}ftterned substr at eg ISﬁgof t he
?DC\S/}D)COTmtnhWEt hlodg%ﬂ WJ?@;:THéNtW?IP § NJNGEEMJEAJ@(OI SOSIEII on
. In er ma vol atile prec vapori zed under reduce
ﬁﬁgbﬁaﬁﬁ&omom tion terrperature and
transported by neans of a carrier gas into an evacuated chanber = contai ni ng
a substrate. The substrate is heat §§Et1§@€bﬁ tenperatures, and thernolysis
15 at or adjacent to the heated su Its in the surface deposition

of the desired fiTHRinb@hioArdRRAS Hethb®f foF @RI MAMRASAES a Hbbiedran et al .,
eds., Chem cal Vapor Deposition Principles and Applications (Acadenic

Press, Londonsurfegoa)intoppoppus s9lids have al so been forned using supercritical

fluids.. For exanpl gyin ﬁMHJf%t&itals@bch a(-; Hneﬁls Eﬁl&iﬁau&@s oA mkal 0384) describes a N

physi cal deposition nethod in a netal or polyner is dissolved in
a sol vent undélSUIS‘Gﬁ@FQ:?fl&Waé@PPOE‘éWGl“t'ihéﬁ%CT‘éF’r}l‘?ftra%lc%Wé“%‘?’sfé?ﬁcﬁ@ﬂtﬂfought to
sub-cri ti cal téd &ﬂaﬁltélheow@tfainaeanmgﬁrﬁﬁgnﬁﬁ%ﬁg to@tt«.-@smh%itgﬂén exposed
substrate as a t ‘m Sievers et al Pat ent :

descri bes 1a siaaﬁaa}n@awm@bﬁwsl ﬁnmtbmm@stgmmmthpﬂ%foww@dhmsor s are
delivered to g;fq .L,a% (ﬁ.{’(é BY thdin%a? BV, DOlatilR roeiSSRROrS 1n a
25 supercriti ?a ?Fw \%%6@3:1 sol)vent i s-expand 3 ?f) prooduce a fine
precursor aevamuolked Wﬂlﬁrorhducsd prajserstabgmippreiyres helo wtéamabdecammh@t andard

CVD condi t| OG0k I Far SorBh by s OF ¥ Sk o3 O drovbTicd EpindB5, 1995)

descri bes the transport a precursor to a‘heate strate (700 K) in a

—
=

" supercritical ctﬁﬂtunldga/hld:SéatﬁtThﬁﬂéﬁ@tﬁesh%dtt%blghrtﬂmr@rmm}d th¢rgholysishi n net al

: _terrperat ure i n
~deposit a thi filhi F(pna(gwna'abrgbsamcmreCVD see: Hitchman et al., eds., Chemlcal Vapor

(copper) Tl m, Thaugh, (g pgafg?%aﬁtr&%%mtsqmﬁ%uﬁf&@ osmog%fﬁireﬁﬁﬁﬂéﬁehet he

VI CI ni strate IS h|

Deposition Principles and Applications (Academic Press, London, 1993).

- Thin films have also been formed using supercritical fluids. For example,
- Murthy et al. (U.S. Patent No. 4,737,384) describes a physical deposition method in
20 which a metal or polymer is dissolved in a solvent under supercritical conditions and
as the system is brbught to sub-critical conditions the metal or polymer precipitates
onto an exposed substrate as a thin film. Sievers et al. (U S. Patent No. 4, 970 ,093)
descnbes a standard CVD method in which organometalhc CVD precursors are
delivered to a conventional CVD réactor by dissolving the precursors in a
25  supercritical fluid solvent. The solvent is expanded to produce a fine precursor
aerosol, which is inj ected into the CVD reactor under standard CVD_-cdnditions to
K " .deposu a thin film on a substrate | ‘7 |
| _ Louchev et al. (J. Crystal Growth 155:276-285, 1995) descnbes the transport
of a precursor to a heated substrate (?QO K} in a supercritical fluid where it undergoes -
30  thermolysis to yield a thin metal (copper) film. Though the process takes place under
-high pressure, the temperature in the vicinity of the substrate is high enough that the




V\b 03/ 060976 PCT/ USOZ/41242 13 JUN 2006 density of the superbri tical f-I uid
appr oaches t hepdghelh¥ of a conventional gas. The film pr%g.gﬁg ,Lhis
met hod had an at o?rl’lﬁg copper concentration of approximtely %’PM“‘ , 0%
i mpurities).. .Bouquet et al. (Surrf- and Coat. Tech., 70:73-78 %4‘) 0085

. describe a method in which a netal oxide is dep05|ted froma supercritical

- mxture of 5 qumydofamhugamm}ﬁlﬁh Wbﬁh@theaiehmﬁméa%ﬂﬁbﬂldnﬁlgﬁb Tieast 240C.

The thin film s . as resul therm) 'Si s at subsirate: heated to at-
st "500C | TR BB By imeshadknd o SHRTAPES oD RoXTA b nent s and

films contai ngug (m,llzo%ningurﬁmrs}e Balyadt cCANBHIGNE EodtSTérh$ 00:05-78, Nbeg)est in
.mcroelectroni¢c applications and device fabri catl on for the formation of

films exhibiti fgenls apethoddp sbjchaimetal onidg isgepesitehiitm & syrsErmged misuesfance

(GW) or ingr eﬁ@ﬁaiarrd%m&@dwe%tsta@ate?flp%&tl{r@magreagtlzm*cowhé%n ARdlfohheadd on of
- el-ectrical conductivity, and for the formation ot her functional |ayers

in integrated resylbafithesmolxpis alA sulystrate m@étm&est@ao Fal lor rate and

selectivity for reagfif@isy feﬂ;@ S0 he
resi stance of netal. n{;%ﬁfreaslﬁwﬂ@hﬁqg n%lgtlattr@?r%éﬁ%gmﬁ SEO i ncrease
‘the hardness. asuhtasing wyitipl puss metglicomaprrsts of almfmt%fpstmtcmvystmm xed net al

films are typi Gailyiol auRed: BkOINS G He nASRESbEAOR RLRRYS such as i on

‘sputtering, |ne of-sig n|que e invention is
based on the dilsxaoteastics sivditas gtmantwrmmbuommstaacg(ql\/ﬁb)@rdmwaam regftanrater i al

deposi ted ont o uBRLEALE SURARSRE of HL0iR BRI fgnagr&a@org]gﬁuppreséed

20 through the appro e se
agent (e.g., sbdtMrﬁm):trorrabhg«trs mnwgnawﬁtc1rmrms Adoygng istabipeas tauiex)rateamtl/ or or

7 presence “of adgelec 1v1pyallor rea e?\tfe? sg:gpﬂeaa capa%y %ecqr ﬁr%(fes {h%grélsg@%e 03'6 é?)eg i t a

by thernmal di sproport COnAat i on sul ndi
| ayer of nat ermhbxanestthby«kuﬁmtenﬂ:h&lmm‘ aglao 1ddmamtht hardriess inldeo@uimence of

certain reaction. 0 n be 25
cont ani nat €d, & g amﬁ%% B ° g’iﬁ ﬁ%{?@‘%?‘g(‘}?ﬂ?’% lygﬁ’lﬁg‘:eﬁ@ t”(sbcﬁﬁr eagent ,
~contam-nation dépomhm ﬂemomsmadasnm SutiedingC @&hich & dleﬂuﬁe@h&a@mr@ssed For
"exanple, where the contamnation is due to oxidation, a reducing agent can

be a suitable reaction reagent. By suppressing contam nation, desired
-materials can be deposited onto a suBEMMaBYat a high purity (e.g., better

than 95, 97, or eve&quvema&@%aggaﬁmt&gco&% FRELAMERELER. B loRRdGAbT e

“methods for depositing a naterra
' * material deposited onto a substrate surface or into a porous solid can be suppressed

20 through the appropriate selection of a malterial precussor, délivery agent (e.g.,

solvent}, reaction conditions (e.g., temperatﬁre), and/or or presence of additional
reagents. Certain precursors can dissociate (e.g., by thermal disproportionation) under
suitable conditions to depoéft a layer of material on the substrate sm-lrface.' However, in
the presence of céftain reaction reagents, e.g., an oxidizing agent, the deposit can be

25  contaminated, e.g., by oxidation. By providing a suitable reaction reagent,
contamination of the deposited -material can be reduced/suppressed. For example,
-w_here _ihe contamination is due to oxidation, a reducing agent can be a suitable
reaction reégenti By suppressing -contamination, desired materials can be deposited |
qrito a substrate at a high purity (e.g., better than 95, 97, or even 99 weight percent).

30 " The invention also features methods for depositing a material, e.g., a thin film

of a pure metal, a mixed metal, or a metal alloy, or a layer, e.g., a discontinuous layer




of a pure nmetal, a mixed netal, or a.netal alloy, or a layer, e.g., a

di sconti nuous Iayer WO 03/ 060976 PCT/ US02/ 41242 13 JUN 2006 of discrete.
uni formy di stWYQBde cl usters, onto a substrate surface oPCT"Hﬁ‘B“hl“%)orous

solid substrate with reduced contam nati on. These net hods: arq 9@&%0%'6'
‘referred to herein as chem cal fluid deposition (CFD). CFD i

di ssolving a p{f%‘r‘swe?e%n&fm Iy 438 &E‘r?ibﬁi%&@lh (s q%%sabs‘ﬁbﬂxg%%ﬁ}féc%ﬂri 3& 0! vent

under supercritical ercrl I ca Itrons an posi ng the .
substrate (or sphd snbstr:ﬁ@iwtldx)edmccedtbmmmhmu dheseme&tmdmregeneraélamfermd to nvol vi ng

reagent into cHERB R Py ERRE: CHR g aRb Al RO RE LLbet  ar o

surface (or withbinatetidleo Pdepoisies ito al3olveusendef suaersmtpﬁml“mbiﬂwﬁdrcrﬂmhlvent Wi t h

sui t.abl e neans of. .contani nati 10 s preSS| roduces hi urity thin .
filnms, e.g.® n‘é’PQF“”E@“gé’fpﬁFm%T 6‘9bSFP'1° Jpoggys foi@eg:ghe utigp s‘é%gft"@ i gh purity

metal or met al reahibiveivieg kiR pBecuitbr i MEMAER L, BRrhdIglor SpMbaudmMer than -

~conventional CVD tenperatures. The substrate surface can include one or

more | ayers, Wﬁ“&‘l‘l“ﬁ&%ﬂt Wi hatalwionederelidaosivng mitFiAl owp e sPotae e g,

havi ng deep sugg,ﬂggeq&qp,,tm,mhgpo@ap%a)ratl o features such as trenches, are
used, CFD can provide 15 uniform confornmal coverage and uniformfi I ling of

the features. Us ualUsg of xxmperprificgl sabeentivih 9iitghlageanspl eeniaaiditioss a material in
a solvent gnd oEXBARNhMhRce H@ﬁ%ﬁ{ﬁhiﬂqﬂm% gs%é(QBF meARoy FURE bEE drd cal or

- near-supercritical conditions. :In mang cases, e precursor is stable’

under the exposfidissretedngh ruribrgstalaiancipl e

l\-n.ﬂ"';

wcslutess at témpvataﬁ et g dEloavsh of a

reaction reag etﬁlkrh&ﬁvén%né el t'eﬂgcrat'dpéée‘l‘ﬁé subSPAEsuPL &R Rfude fk ratbrde

unst abl-e under e exposure conditions (e.g., at the exposure. tenperature)
and can di ssoclagars whichmybe paitermadd iWhenpadmed subsiigtes.¢ve-.hevigeAscpseb-t he

sol ution. D ssggiat tngﬁ‘ asp E&Q&ﬁ%&&eﬁﬁ&ﬁ ab ﬁedcﬂes”ﬁtz Gldadbryl EROFbLOY on a

substrate surface. odi nent s he pfecursor. dissaciates w thout -

the additi af ofniferm padermabevereagandtunifpmm ﬁﬁl}lg péthgéesturesbl e to i ncl ude a

. material. For exanpl e, sone or gano-

reaction reagent t sﬁﬁﬂ#@?ﬁ?ﬁ%%@ﬁﬁsol@% ?ﬁx‘é&&éﬂr B8k haRnAf nLQ&v&&B?S' ted.

recur sors-

conpl exes) whi e&podmg?s@bﬁateéolﬁ;ﬁ sphfentrmlldelcwsqwrépdrqr|n9arsswe@wt@alrvonflmor@xi di zed
oy the sol vent y(0h, SIP ufl d&hrsgﬁsq{aﬁemd&q#%&}msq doRGHARPAR didsOxed N SUCH
situations, provi V cin the so utton ¢ 5

ent 1n an reduce 't he

oxi di zed nat er ey aﬁeramcabsf amatcthalteagﬂyt wdh wiritiwat Howewt, stinepdepessted film

20 can be unstable under the exposure conditions (e.g., at the exposure temperature) and
' éan dissociate without the additioﬁ of a reaction reagsn't to ﬂie solution. Dissociation
typically results in material depositing on a substraté surface.
. In embodiments where the precursor dissociafes without thg:’additicin ofa
reaction reagent, it may be desirable to include a reaction reagent to reducelsuppresé
25  contamination of tﬁe deposited material. For example, some organo-metallic
precursors {e.g., Cu(I} complexes) which dissociate by thermal disproportionation can
be oxidized by the solvent (or some other oxidizing agent) during deposition. In such
situations, providing a reducing agent in the solution can reduce the oxidized mate'rial,
thereby mitigating contamination of the deposited film.
30 Various aspects of the inventidn will now be summarized. -
In a first aspect, the invention features a method for reducing contamination of

a layer of a material deposited onto a surface of a substrate, e.g., a patterned substrate,




3'0; Vari ous aspects of the invention will now be summarized. In a first
aspect, the ig‘y@&t@ﬁ&qﬁfeatures a nethod for reducing contam nati(?

n. of
| ayer of a material deposited onto a surface of a substrat &CT@S&%",IZ‘Q

patterned substrate, WO 03/060976 PCT/US02/41242 13 JUN -20061%\2@3&%3 :
selecting a precursor of the deposit material and a sol vent, R t he

precursor di S5’69'6i(i@&@&tiﬁ@dﬁfec&ﬁﬁ@ifMe@@ﬁosﬁ&naﬂﬁh%ﬂ%@&lv@ﬂl Nlﬁ'é?éin e a .
supercritical or near- supercritical fluid;, (ii di ssol ving the precursor
into the sol veamEcuiser digpeiptss widseronditionga whichtheelyenids p sypsicrifipal 81 nedb| ut i on;

and (iii) expagpiighitelenddib@) GRdoRihOthk BRca9brith 82 sBRGR o RrhARMiddRes at

~ Which the precursor dissociates while maintalning supercritical or near-
supercri ti cal FapsupespEicalsplapienynd diiexpysing the|suysgrtedd the helunentuadéral on t he
surface of gh rat e:n W | : G nel. I ei ght
percent of 5t hgcoggggisia?ggmﬁaﬂ{%h%g ?It ‘ﬂ%ﬁ%‘g‘?\éﬁ*ﬁ@i&ﬁ%ﬁ‘qﬁ“&%ﬁ% rﬁ%%hrf’gge%{sﬁcl ude
one or nor e ofsupdyeritical dooditions, the@by Geuningeiss lagan df the nfagaialndbe nifactdfdie aspect s

‘The precursor I ' i.af @-.. by _ther n : _

di sproporti onastglg%rn e?‘%é}ﬁét o eg?ngﬁ‘l&fgseﬁée\(agt%eweﬁgg??eﬂ gﬁh%ﬂe%gteﬁai nt ai ned at
- nmor.e than 150QGndterialy. , nore than 175, 200, 225C). The sol vent can have a
reduced tenperat ur etwee 8 and . 2.Q. The solvent .ca ave a density of
“at least 0.1 g/cnB: “PPH%?“?BE\?gH]F n%%}?dﬁtéa\?’énce\“‘i%§nﬁgﬁ1‘§'?‘ieffg?r}%llro“l“égast one third
of its crita cafkatdes)and/yr feditves sfithe@atpeedan have ‘a critical - tenperature of. :

~less than 150C. The,l ayer- can j.ncl ude.at .| east .98 wei ﬂpt ercent of the
~deposited materi al ?rhﬁ'ﬁ & CRE BT hﬁ?milaﬁlsﬁ%m%e %@[’QP’ psrmgy I?F%SQIO(’@.OQ); , )
~, copper). Cont affenangesatt of the shigytae coblie miilGinudlg nidte thah d80°0f (e ghmoreet al
/ (e.g., copper xiﬂ@) 22%-?}1;6 t hod can include providing a reaction
reagent that rBgutas?% fi ﬂ‘%tsf’ Frisen pave aﬁﬁ“&?qptﬁﬁnpffﬁmfeg%@t"ieﬁ a%\'ﬁﬂ’ h a-
cont am nant t @.6.0THa8 solventrvat Rivieal defdity of &t 1ERE 00 F/chr@aThé &veRt @duede o hat is
soluble in the salvent. The reaction reagent can be a reducing agent
(e.g., hydifogelffs 3318%0%%‘[3’6%? vRriicaldgpsityy £hs jolyent can baysasntissld t he
- reaction reagesinpéradieaf fess tan 14ecanount of copper oxide formed on the
~surface of the substrate. The precursor can include an organo-netallic
conplex (e.g., a OT(hijayE"o‘??B freiidg at leasti® PEEbRSHRSNtesd)the depesited material. The
' mat_erial can be a metal or an alloy (e.g., copper). Contaminants of the layer can
include an oxide of the metal (e.g., coppér oxide).
20 The method can include providing a reaction reagent that reduces
contamination of the material by reacting with a conta.xhinant to form the material or
to form a reaction product that is soluble in the solvent. The reaction reagent can be a
reducing agent (e.g., hydrogen).
7 In some embodiments, the material is copper and the reaction-reagent reduces
25  the amount of copper oxide formed on the surface of the substrate. The precursor can
include an organo-metallic'complex (e.g., a Cu(I) complex or a Cu(II) complex). The
precursor can include a ligénd, and upon dissociation of the precursor the ligand
provides a reaction reagent to the solution that reduces contamination of the material
deposited on the surface of the substrate. The reaction reagent can reduce oxidation
30 of the material deposited on the surface of the substrate.
In another aspect, the invention features a method for forming alayer of a

material deposited onto a surface of a substrate by: (i) selecting a precursor, e.g., a



_precursor can include a ligand, and upon dissociation of the precursor the
ligand provides a reaction reagent to the solution that reduces

cont ani nat i on Y89 %¥4§&7fat eri al - deposited on the surface ofPFﬁgﬂgﬁﬁgﬁrate
The reaction reagent can reduce oxi dati on 30 of the nater{aL ﬂea&;bhgd on
~the surface of the substrate. In another aspect, the |nvent| es a

et hod for for y. a. tery 0. a face of a
substrat-e by: (?1(9%%%1}’%)&1&}1116 r%at%iraleézﬁgraggiﬁ gmee %peéﬁ% %gl)e(fgwlsféf

PCT/ US02/ 4124 2iss8eidedNirid@Oonditiprisjat wbinp thexolvedt mtdmmrattmaﬁcmheaand a soI vent,
e.g., CX®2, wherein.th cur.so i Ssoci ate ondi tions |chthe
solvent is a sﬁh‘Bf’éFfa:‘}CFﬁ“B%ﬁ %415551@%%%;{{5%1}:5& 'i”'fci tg?ifo ‘felnﬁtlogom'ﬁ ﬁ"ferﬁﬁl §°§ | vi ng
the precursor arrmte@-shﬁ@crmhmmmﬂ Qnﬂ) expokig the PeYstite td thakolutidh urder
near~supercritical, solution; (ii exXposi ng - tgg%eéstUbﬂigﬂ rate to t I ut| on

under 5 corfdi t§o8fiEongat }ctaﬁletmeuiﬁ?fékﬁpeaﬁseﬁ ngs o the &1 FB i al

forms on the sy fid6extOivhild ABn@nRSlshRk@itoRior ﬁedmhﬁ&aanem REndEEHAS 64 (V) cal or
near-supercritical conditions; and (iv) mxing a reaction rea ent e.g., a

~reducing r eageRMINg e oM Eaged). 6h dRcduging Faapsnt.dne thesglution, whersig r educes

- cont ami nati.on ﬁactlbﬂﬁeagaﬁ%dh@éscorﬁmﬁgidﬁ%@tmmerfahe i nvention can Incl ude one
or nore of the f W ng features, and/or features of ‘other aspects.

For exanple, the r@@@wﬂm@nﬁeégemwem qep inglude ersrraparpefithofellevinghe . mat er i al
by reduci ng, anfe%}eg%n%r feﬁﬁre@@f‘(ﬁﬁér% et:t@ f:‘&' earh @ thd Rh&bh ?éagenT% deposited -

material can be a metal. In where t he materi al is a netal, the
reaction reagewduceamtaremm Qf@mmb]’ wAudE aneakifieion the apetaial o derothe t he

metal 15 In angthern %ﬁ@@ﬁ%ﬂe& Qﬁte%’lﬂSc%ﬁBeQ eiaﬁ%%ﬁegdlaem?wa@t eratdei M NG an

. |ntegrated circuit, I ng Issolving a precursor of -a nmateri al
into a sol ventisaanetabrthe waction paeeit fan redice gpntareinptionyaeducing pxidationef thei on;
(i) exposing g substrate to the solution wunder conditions at which the
precur sor di ssocrates whil e mai nt ai ni ng supercritical or
" near-supercsitical Iuemdhdriaspest, the yeation fehdypesss methed fon &rmingenintgraed o t he

surface of ¢ hee 2SRRI Boidiinb HlebuREAT SRR bl BRSO A 21

-material, or O Cr rated cirrcult. |ments of the
~nmethod can i nc:tupckenmlaon)‘reampercx'ntﬁcat w@tiooi (ibevipogng e subsirats to thsdludronf eat ur es

of ot her aSpeCunder congmrrgst h%lh tl?ea}a CC%FSOP'CII?S%EI?]{ES gvﬁllgmamﬁgﬁxpgesru%er9ntlc§poral | oy.
‘ near-supercritical conditions, thereby depositing the material onto the surface of the
20 s_ubstrate, and (i1i) processing the substrate or material, or both, to create the
 integrated circuit. . |
Embodiments of the method can include one or more of the following feature,

and/or features of other aspects.

Therniater_ial can be a metal (e.g., copper) or an_alloy..

25 The method can include providing a reaction reagent that reduces
contamination of the material on the surface of the substrate. The reaction reagent o ‘
can reduce 'oxi_dation of the matenial.

In a further aspect, the invention features an integrated circuit formed by one
of the above methods, or a substrate coated with a film depositéd by of the above

30  methods.

As used herein, a "supercritical solution" (or solvent) is one in which the

temperature and pressure of the solution (or solvent) are greater than the respective




257- The met hod can i ncl ude providing a reaction reagent that reduces

contam nati on 0350%7Jmter| al on the surface of the substrgkems(;l;n?zﬁeact ion
reagent. can reduce oxidation of the material. -In a further "aspec
invention features an integrated circuit forned by one of tH J%IO%@G

met hods, of a substrate coated with a fitm deposited by of 't 30

- methods. As usgtlcad @fperitur@andiREUre b1 the SMltiod Qrigbivent). A@.tpeﬁ,ﬁhmnt) is onein
whi ch the tenperature and pressure of the solution_(or, solve R ). are

greater than cHitadiser parjeulapsolpgriatgsnipbrefors jgrsonds alzml‘ﬂv 2006,
critical t e”p%tﬁﬂe‘rﬁ't@re%@?r%sﬁﬁﬁ%}g tﬁ)tlplfesﬁe&?veﬁpé;réﬁér%nQﬂcrﬁl@z!ll‘f&ﬁk;e}atur@\
supercrltlcal condition Tor a particular ution (or solvent) refers to a
condition in Wémlcﬁmessﬂ@mﬁ&eamﬁ‘éﬂéﬁﬂnm wssalyatlar e both respectively -
greater t h%n the cpi "?ﬂezﬁ‘%h %s@fugsrﬁ‘ (Qlaéag/eﬁtgistohgm wilEiPthe Wikeddl T h?

particul ar solution (or solvent). A ™ near-supercritical solution" (or

sol vent)- i s onenpaatyvei(asitual femperetivcmesured imdeelvin diviled &y theakiticadnper at ur e
‘measured in K t t. ol ution (or
sol vent) neas S'J?r}ééfr;atgﬂelg &%%@&m QFSO?ME]‘I) o urerde“gggﬁe“é}%? 'QCef‘&’Rrgselgsur e .

- di vided by cr I(itatu}ﬂibremueshuﬂﬁl f critiba psaaskunt ofghe a(odmloacﬁdmsehel)t)) ocﬁthet he solution
‘(or solvent) ar ter, than 0.8 b S0l vent) is not
-a 10 supercri ts?]gl};{?“ @%F‘ﬂtt“ fre hoth grsper stgabe(yépi“th?e Sé)ﬁm |S? ?fh) FOPtay '

parti cul ar 1osolsupdrcrh1cémbluusml ﬂaﬁr)sup&érﬁrcsl doﬁdmorcfoﬂaipatrnmtarlsmumbn (@h the _

"reduced tenperature and redu r both_respectively greater

Than 0.8 bur - CRRCRERI gty B P el P P s F R Tndi ¢ ons,

. the sol vent cae figh fesgavely grleatquh@()ﬂ'hﬁtlﬁeafomhﬁ&i i@t suparcdicsd Uelant  to

4include a m xture of two e d|f er ent vidual | vent 15 Unl ess.
o hervi e det (HEEER SRt i r P EL B P R St HeBamtave ¢ e

sane. neani.ng as nkdeaMiyutdtdersbanste diffepsneindividticloanty. skill in the art to

vvhichtheinventio eIo | t hods and,Jaterials simlar or
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Other features and advantages of the invention will be apparent from the

- 25 7 following detailed description, and from the claims.

DESCRIPTION OF DRAWINGS
FIG. | is a schematic of a double flange, cold-wall reactor for use in certain of
the methods described herein.
: FIG. 2 is an X-ray dlfﬁ'actlon (XRD) pattern of films deposited from
30. (hfac)CuI(2 -butyne)/CO; solutions: (A) Example 1, adding H; and (B) Example 2,
without Ha.
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Exanpl e 5 using. (hfac)cCul CéZsqutlonvmthHZ FIG9 is-a SIM
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~solution wihout Hgggg LG 3R &ag;glswg)ﬁnﬁtj&&gﬁdqﬁ Ekirhge4 daposi t ed using
(hfac)CuI(I- met hyl - 2- hexene-3-yne) / CO2 solutions: (A) Exanple 7, with
H2, (B) Exanpl@)CuliCOR{RO:splutioFrithoniHe.s an XRD pattern of films deposited

usmg(hfac)CuI(lZ t LeuSn@t 225C with H2,
)(B) Exanpl e 10 at -ZF%SMQE)&MS Q&E@Tsﬁﬂh%ﬁmﬁ&oéiﬂ)&g%ﬁﬁffl atu g%oc wi t hout H2.

FIG 12 is an XRBcalVaMS)EIOAsplufign Wéb&i ted in Exanple 12 using
FIG. 9 is a SIMS analysis of a film deposxted in Example 5 usmg

15 - (hfac)Cul(VTMS)/CO; solution without Hp.
FIG 10 is an XRD ﬁattem of films déposited using (hféc)CuI(l—methYl—_Z-
hexene-S—yne) { CO, solutions_.:‘ (A) Example 7, with 1, (B) Example 8, without Ha.
FIG. 11 is an XRD pattern of films deposited using (hfac)CuI(lZ-butyne) /
C2F6 solution: {A) Examplé 9 at 225°C with H, (B) Example 10 at 225°C without Hs,
20 (C)Example 11 at 250°C without Hy. | |
FIG 12 is an XRD pattern of ﬁhﬁs deposited in Example 12 using
(hfac)(:u‘(lz-butyhe) / CF:H somtion at 225°C without Ho.
" FIG13 is an XRD'patterﬁ of ﬁlms deposited in Example 13 using
(hfac)CuI(12—butyné) / CO; solution at 225°C adding EtOH. '

25 Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION |
The inventjon is based on the discovery that contamination, e.g., oxidation, of
material deposited onto a substrate surface or into a porous solid can be suppressed
through the appropriate selection of the material precursor, delivery agent, €.g.,
30  solvent, and/or reaction conditions, e.g., temperature or presence of additional

reagents. By using the new suppression methods, desired materials can be deposited
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. and uni form CoYGLAGG.OE rﬁﬁ:t&f%{erb?&u?sgrssiﬁ‘%iﬁ%{c%@a? cBHShudch. RAkh&RBRI Silicon

( Si ) wafers having teature sizes as snm
CFD can be used to provide complete conformal and umform coverage of patterned

20  substrates such as pattemed silicon (Si) wafers having feature sizes as small as, e.g.,

0.1 microns wide by 1.0 micron deep.
CFD can also be used to deposit materials into mesoporous or MICTOPOTroUs
inorganic solids. Examples include the metalliiation of nanometer-size pores in
* catalyst supports such as silicalites and amorphous mesoporous aluminosilicat_e

25 - | molecular sieves. Supercritical fluids have gas-like transport properties (e.g., low
viscosity and absence of surface tension).that ensure rapid penetration of the pores.
Uniform deposition througho'ut‘the pores is further facilitated by independent control
of the transport (via solution) and deposition {via reaction reagent) mechantsms in
CFD. In addition, CFD can be used to prepare metal or metal alloy membranes

30  formed within pdrous substrates such as alumina. In contrast, metallization of porous
substrates by CVD rather than CFD often results in choking of the pores by rapid

deposition at the pore mouth.
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- includes a line 17 (e.g., a high pressure line) for reactant feed, a first port 18 for
rupture disk, feeds, outlets, thermocouples, pressure measurement, etc., and a second

7 port 19 for rupturé disk, feeds, outlets, thermocouples, preésure' measurement, etc. In

20  addition, the housing has a third port 21 for high pressure feed-through (wires not -
shown). _

The temperature of the stage 15, and the substrate cbntactiﬂg the stage, is
controlled by régulating power delivered to thelheater using a temﬁerature controller
(e.g., PID controller). In a typical experiment, a single substrate 14 is placed onto -

25  stage 15, and a known mass of precursor (which can include precursor materials for
multiple cqmpOnents) is placed into the reactor 10. The reactor is then heatéd to the
desired temperature, typically 40-80°C, purged with nitrogen and filted with one or
more solvents using a high-pressure manifold or a computer-controlled syringe pump,
and the éontents are broughtto a speciﬁed temperature and pre#sure at which the '

30  solvent is a supercritical or near-supercritical solvent. The vessel is maintained at this
condition (at which the precursor is unreactive) for a period of time, e.g., up to one

hour or longer, sufficient to ensure that the precursor has completely dissolved. The




port 19 for rupture disk, feeds, outlets, thernocouples, pressure
nmeasur-enment , 0 addition, the housing has a third for high
- pressure feeds%ﬁpgﬁgﬁ%(mﬁres not shown). The tenperature g%ﬁ%ﬁéigggbe 15,
and the substrate contacting the stage, is 'controlIed_by;regyhghgm%SDOMBr
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. controller). |subsirateipihenheatodne t speeific, tentpetdtingtepically I50-25@ Cloh théstieaced ont o
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reactor is thenidagated to the desired tenperature, typically 40-80C,
~purged with nitrogen and.filled with one or nore Solvents using a '
~ hi gh-pressure nmani f1bpURGIMRedERsR e clexist trpparaiare sy tenyhstigigngitiatesid t he
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‘reacti-on typi gozﬁrfézgﬁ]{g%gg{r%gfgggg{néor'i%?ﬂea%ip“é'ﬁssgﬁf gﬁ% d1né?@aroefxcesf he - |
~ material. Alteehttswehoprearsonddi tional |y, a reaction reagent is transferred
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empirically. en.the reactor has cooled, the substrate is renoved and
mp y V&yer is i?rs JepOS(l:tCé) on the substrate and a metal_t%lm of the same or different

20 compésition is deposited on the seeded substrate.
Solubility of the precursor at the reaction conditions can be verified in a
variable volume view cell, which is well known in the art (e.g., McHugh et al,

Supercritical Fluid Extraction: Principles ﬁnd Practice; Butterworths; Boston, 1986).

Known quantities of precursor and supercritical solvent are loaded into the view cell,
25  where they are heated and compressed to conditions at which a single phase is
detected e.g., optically. Pressure is then reduced isothermally in small increments
until phase separation (either liquid-vapor or solid-vapor) is induced.
The temperature and pressure of the process depend on the reactants and
choice of solvent. Generally, temperature is less than 350°C (e.g., 300, 275, 250,
30 225,200, 180,160, 150, or 125°C) and can be less than 100°C, while the pressure is
typically between 50 and 500 bar (e.g., between 100 and 400, 100 to 150, or 150 to

250 bar). In embodiments where the precursdr dissociates by thermal decomposition,
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.can be anal yzed. This nethod can be enpl oyed as a single-step deposition on
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JUN 2006 .t he t‘fé‘i‘??}é?@F%F]éewglﬂo&eﬁéls%ﬁfhi‘@i‘@ﬁs?’ﬁt"ﬂ’i‘ TagHE €the precursor

to dissocigtegohentd STREfFeA R Hixad L8R 2 REtMBAKer biEcohtiishy ¢ Broagtltosol ut i on
~can al so be used to enhance chem cal selectivity. Al ternaﬁl ve et hods
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materials for I pl e conponents) are gl aced in_a reaction vessel (e.g., a-

stainl ess st ealtepniped eravimpeigallygsiog standard frghmgnss-wi havesss) i apintaifgdidhhed, and

| mrer sed in athlgEJngH{oﬂt(ét%i&%ﬁr@ulrﬁgistlﬁ%@ﬁ@? 1ok € pltjahdf Gilb e €y theat i ng t he
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hi gh- pr esstir e one bonsoelongniufiisicnt topnaure Bk Pratreor dps RPlLRtEsvedr e i xed
using a vorteﬁpgmé %ﬁ;&%&bﬁ;hﬂﬂﬁeﬁ{aﬁe&%lﬁﬂﬁlﬂt to a specified tenperature
-~ and pressure a ch solvent Is a supercritical or near- supercritical
~solvent. The mass dfreatibyesagent isdkesftepsioned hioysh nEmapifAdeqnperterde dis] i s

- reaction vessel. The reaction reagent can be a gas or a liquid, or a gas, liquid, or solid

dissolved in a supei'dzitical solvent. The transfer manifold is maintained at a pressure
20, in excess of that of the reaction vessel. The mass of reaction reagent transferred nto

the reaction vessel is usually in molar excess relative to the precursor. The reaction is

typically carried out for at least one hour, although the reaction may be completed in

much less than one hour, €.g., less than 30, 20, 10, or 5 minutes, or less than 180, 120,

60 or 30 seconds. The optimal length of reaction time can be determined empiricalty.
25  When the reactor has cooled, the substrate is removed and can be analyzed.

A continuous CFD process is similar to the above batch methods except that
known concentrations of the supercritical (or ﬁear—supcrcritica]) solution (and reaction
reagent when required) are taken from separate reservoirs and continuously added to-a
reaction vessel cdntaining multiple substrates as supefcritical solution containing

30  precursor decorhposition products or ﬁnused reactants is continuously removed from
the reaction vessel. The flow rates into and out of the reaction vessel are made equal

so that the pressure within the reaction vessel remains substantially constant. The

-1l-




~ the reaction vessel Is usua
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- conti nuousl y g&a%&%30131-"?%&&0?‘2%‘%[)’&?8‘1“688?.? é‘lmﬁﬁ'aﬁg g?ﬁ%ﬁ%?éﬁgﬁgt rates as
supercritial sapdtidie] @mgeonieaiidtiangatde peeduesarevechoGpDsudhodn dgenbdct s or
" unused reactants_is continupusly renoved from t reaction vessel. The -
:flow rates int§reihdmdisee Patons ar“&’gﬁ‘f"? 8‘??9\1/38' %S‘Ig"gﬂgusrt%%és %elr}édeéoz'ggt hat the
pressure W t hifatbhi@ sh@ae Pdan, ot €S ehich @ Abidisats thestisntieahd serconst ant . The -

1t WD 03/060976 PCT/ US02/ 41242 13 JUN 2006 overall flow.rate is timzed.
~according to t93Ebissts uvhich 'fz"‘éiec‘fr?%ﬁl.emb?‘i IB?ta'tﬂﬁ"Y far?tbﬁélﬁﬁ%?ft%%n?he ?em%H

pr ecur sor - contdpNiThe ferhtitnl of Beell Mdyerstif Gest6atih dnaiViapablished PET Applidation vessel
is filled with neat solvent (which is the sane as the solvent in the
precursor ol ufiY32%at supercritical or near-supercritical pressures and

~ is heated to super Gfirhiich@bf @bse ARA0AS, WMELIPH ih bolthd @ipetiindleswalhs a
~result, -supercritical or near-supercritical coeglbti' ns bare F@i nt.ai ned as
the precur sor -yl (3 8enosifign of e serddqvar b dateved by metal &8t g

vessel . A tWO-i5f SRerRRhIQEEs GRMdRR BB dr blbctfdldstiat d1eRSlysh plating (iesi red met al
~or netal alloy, such as copper, is not readi|y. deposi.t e%\ﬂy a sulbstrate,
especially a ‘p@ﬁPP%F?TEQf a seed layer using any techmque including sputtering, , electroless

20 plating, thermolysis, or other reactions at the substrate surface followed by CFD; and
(iii) deposition of both the seed layer and metal film by CFD; and sequential and/or .

simultaneous combinations of methods.

Precursors

‘ 25 | Precursors are chosen so that they yield the desired material on the substrate
surface following dissociation in the solvent under the reaction conditions '(c.g., at an
appropriate temperature and pressure). Materials can include metals (e.g., Cu, Pt, Pd,
and Tj), elemental semiconductors {e.g., Si, Ge, and C), compound semiconductors
(e.g., NI-V semiconductors such as GaAs and InP, II-VI semiconductors such as CdS,

30 andIV-V1 semicbnductors such as PbS), oxides (e.g., SiO; and TiO;), or mixed metal
or mixed metal oxides (e.g., a superconducting mixture such as Y-Ba-Cu-O).

Organometallic compounds and metallo-organic complexes are an important source
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.10 substrate, using conventional plating techniques or even the CFD net hods
described herein. In these situations, a uniformseed | ayer

clusters, is POPF&E® froma mterial, such as Pd, Pt, @]U 03“2% can
~activate the substrate and serve as a- catalytic si te on Wh',i? g (@%y red
-metal -or netal all oy can _be deposited in the second step. Th 1‘J Iron of

seed | ayers is des ed in detal n 15

001/ 30051, VAT PSEr SoniaTng el a‘r‘re?’hg?i‘qm‘lrmh daﬁ%%ﬁf@%%%ﬁm?he col d-wal | -
and hot-wal | react$umsg e;aamplemdﬁlséﬁl)prdramﬁlfm@FDUIcludhmetsléeﬂrgaa'yer by CFD
followed by nmetal depositio er te D or ‘
el ectrol ess oFOTEE’é’EEFFE’)'FtWW"‘éH’ﬁ @%/q ?SF'?S O%ﬂ ng%?%[t% &(}ﬁéﬂ(})&%‘té@% &d layer using
any techni quechnﬂic?]%rmg(tﬁmbt WwBérk RGc 1s@dl?obre+161mnrfal BE$,530- pl ating, :
thernol ysi's, or other.reactions_ at the S z{Fﬂg ﬁlﬂ}rfa e foIIovved by CFD,
cand (i) 5deb@§ﬂt‘?r8?F°8ﬁa°B‘8P%et(ﬁ‘é(“§'§@dw \149P (% by CFD, ~ and
sequent i al an@Uu%eth§1heisthﬁeamaaSan@mbgngh@ea@az &fdnﬂahmdﬁaocﬁdmr sors 25
Precursors are chosén so that th on the

eri .

. substrate sur i)liit}eulflW@Bwl\fﬁ@))oﬁ“é@é%é’éﬁ(ﬁmﬁﬁc E’h@(%oﬁb’@ﬂt Z"rgt he reaction

- conditions .(e a t H]gglg L@tofMaterial s
can incl ude n&QJI?Ptﬁ%Q &,ﬁ&%&,{}%é (}t‘& %%' Tq%(Tfa’ﬁIrttt:}@%)tegl%ltlsent‘loconductors

- (e.g., Si, Gead@ndnacpqtemrah]prmmrssaemfw@mdmﬂ@dﬂé Hyepdgn-Smithjand/Tdemi conduct or s

such as GaAs seni rs such as CdS, 30 and | V-V
- seni conductor ?gﬁ &P%'g %BS?EPOS?O%QSW%% Si02 and Ti @), or nixed netal
or mxed netal oxi Besurge.sglestion fauPéd dinditedtto mgamm@@a!ﬂmacogmhmmha‘(- Ba- Cu- O) .
Organonetal | i nds and netall o fod MPOr t ant
source -12 V\Deélg)(ﬂ)'gg@g-}'gp%@ﬁeﬁﬂgbﬁé? fgur%g’%{ll lqj'l'\] ggg%ﬁ%?q% Iogc%nt aining
reagents and a&fpepaiitei crhisalrdutythemafahbr o@otpntexl;pnrestuscssf@mti@??!herh%;@féxarrpl es

f f ul f CFD d t
Che- 1ol | ow ng obyiaes e aregushertigy Tohln it AarPhigloel 00 51 0 10

- Pd(hf ac) 2, 1g0h %@ﬂﬂl@req&r@&nﬁﬁbr@msartmhlhlliftmm dlsuperdriticabilid.5

hexaf | uor oacetyl acet onat e thm%jéez léAS@%aFg%W}g?)zﬁS%O%r% %d gn for

- tetranet hyl hept aned¥FAI%E; St%ﬂ‘
~di met hyl eycl 00gbadh 0 eelatpleBiti ghid GoEREMe2), )zreat khah §.1(te 0g. g/t3in’3 frethé y | ) 2i nc

'(|)'|r ( y\f r5/ é5|6_1||5|) 2|\2¢$1)11M c? [;gen%%%?wpoﬁmtéealtqrggoféﬁib h}etslu‘%snrg ?er%éegat f:iasl
Pr ecur sors Segg, high, tRX &I Bitoef thd fluid ManpdieinitHot the sn&milata'aﬂf)roaches the density
20 ofa gas, and the benefits of the solutlon-based process are lost. In addition, a high
| substrate temperature can promote deleterious fragmentatlon and other side-reactions
that lead to film contamination.
L Chemlcal selectivity at the substrate can be enhanced by a temperature
gradient established between the substrate and the supercritical solution. For. “

25  example, a gradient of 40°C to 250°C or 80°C to 150°C can be beneficial. However,
to maintain the benefits of CFD, the temperature of the substrate measured in Kelvin
divided by the average temperature of the supercritical solution measured in Kelvin is
typically between 0.8 and 2.0, €.g., between 0.8 and 1.7, or between 0.8 and 1.5.
| Iﬁ preferred embodiments, metal precursors are selected which undergo

30 thermal disproportionation at conditions (e.g., temperature and pressure) under which
the solvent in which they are dissolved is super-critical or near-supercritical, thereby

depositing high-purity metal films (e.g., with mininial oxide contamination). For
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" process tenperatures (e. ess than 3

lo Kodas, Chem Yap. Deposition, 1:8 (1995). Precursor selection for CVDis
limted to organonetallic corrpounds that exhibit high vapor Tpressure at
tenper at ures bEPIHPOHE r t hermal deconposition  tenperatur ECHYPE it s
the nunber of potential precursors. On-the other hand, CFD - 9%@&@& he
requirement of precursor volatility and replaces it vvith a mu
demandi ng 1 equiLeRRNe eélteﬁrf%waﬁfaé atS6dstiey Jvét%l‘)f Bb:eexﬁr&m Elhére@®in 96) Ui d. Low -
0 275, 250, 225; 200, 150, or .
100C) and rel a%. 98I1% Wﬁlgﬁpﬂmt)d Pu:@fﬁsqrim@sanr easgs whegp epadizing agenbis1 to 0.2
/cnB) in the of CFD. If
_ '? he substrate ’ééﬁ%!e&rué‘% F ggc?lé&%i%%ﬁﬁ%ﬁ*ﬁnﬂégd‘;éllrilgg?gt%@%?er{t ﬁgh%sﬁ?ld in the
vicinity of themélenlngamt)ethapmoamhmal t4rebechenigininpted Oy okidatiqyets forare the
benefits of the splution-b : {hl
substrate t%rrp'é'?%[)uxrl éee ot ger?s %?egucnﬁ) g%éﬁ%f%%elgto‘hgﬁé d%POQmB’? i S%Qafn(g] Itg her
. si de-react i onsagehai pio@ﬂidd tsoc}fprbamrsotmmddyoat higmpur@hmﬁatﬁlmmiﬂetmumalt y at the
substrate can be F nced a t eraturtq L%ra i ent §5t€b|éu§s%?sd bet ween
the substrate Ff# % ipR- WHYTe 215 e §°OPRDy XaBPIES SIRFATS o1 adi ent  of
+40C to 250C orindde Cﬁ(l)]&ﬁﬁioﬁaﬁa sty ab @héiketohand)Culioospomnds wiepe Ivéd ailigaba t he
benefits of CFD, the rat ure f th ubst rate.neasyred,. in Kelvin '
divided by t heP3tERLy ﬁ‘b’%ﬁsalf]ﬁf "?ﬁss’é’ﬁﬁlg?céardi‘et“f"c Vil uti on measur ed

in Kelvin i wﬂﬂg@hw Dateneeimplts 8f @) predirsofs iflcludei@i@EOL)OwBerahthc 1. 7, or .
"between 0.8 and 1.5, In preferred enbqdi nent :

sel ect ed whi chisundbr-gotsEa ey HEPEYH PBE?BT‘Y‘?&?&? ﬁ’%k’b {Yﬁgﬁﬁf’)’t‘f‘%ﬁé Ye.qg.,

-, tenperature angd.pRfigs3HeRdneW IRl SYMaIEA selff RRlusible pektirsbrs caidisdbd ey toar e
/ di ssol ved is super-critical or near-supercritical, thereby depositing

hi gh-purity mefeos#£Pms (e.g., with ninimal oxide contanination). For -13
W0 03/ 060976 FCT) USB26hd 2ABodidhants) umpz&%oemma&eehggﬂ@w tRdefichiBr can be at
| east 95 wei ght percent netal (e nor e- t han- 96, 97 98, 99 i ght
percent). HéweliBfmate, Trdusigeenk %é%ch@ﬁga@pah desemaps it dhsaecursor. Sglfssent
_during pr ecurs%dugh%gfegﬂg&g lnglﬁ@é b%réﬁotgimite@@f)&lﬁlnﬁﬂ%héﬁ@@g includes an
-0Xi di zi ng agent deposited netal. can be contam nated oxidation to -
forma nmetal emingelcohvlateeomplexseitneh HQCWCFz)ﬁth&EhE%MehdS%e%@m tion.

- Where a reduci e r C r can deposit
- high-purity rre?ﬂ}l ?ﬂqr%e'}\lm%? }?néﬂogﬁgq 2001, %b&r?% 23D,

' _ In some cases, the supercntlcal fluid can participate favorably in the reaction.-

20 In other words, the supercritical fluid can react with the precursor or a derivative of
the precursor to deposit the desired matérial_ on the substrate surface. For example, in
a supercriﬁcal solution including N,O as a_soivent and metal preéursors*such as
organomefallic compouﬁds, N,O cﬁn serve as an oxidizing agent for the metal
precursors yielding metal oxides as the desired material. In many cases, however, the

25  solvent in the supercritical fluid is chemically inert.

Solvents )
Solvents useful as supercritical fluids are well known in the art and are
sometimes referred to as dense gases (Sonntag et al., Introduction to

30 Thermodynamics, Classical and Statistical, 2nd ed., John Wiley & Sons, 1982, p. 40).

At temperatures and pressures above certain values for a particular substance (defined

as the critical temperature and critical pressure, respectively), saturated liquid and
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met al oxi de contami nation. Wiere the nmetal is copper, exanples of
precursors include Cu(l) compounds such as (/3-diketonate)CuL corrE)ounds
where L is a |W94H¥97¢hat can include al kynes, phosphi nes, P6T&ISp¥d242
.cycl ooct adi ene, and vinyl to trinethysilane. Q:her exarrpl es % JQHQO}JG
-precursors include Cu(hfac)(L), where hfac is

1,1,1,5,5,5-hexaf

VIMS, or 2- me%aal 4“%{?] ﬁ%lzgéa;}%spagp%m%g g&!@%g?bsgnéé ﬁ - T e Eog?sé SEH%¥@§31 rsor s can:
al so be used tﬂmdtemlmnts it arelsupercrmaldtrtudsdarerﬂeaawgspousrﬂ@nmqmdunb@ms pogresses

| i gands .t hat can serve S as H2, -
-upgn decorrp05|t[°|q‘5?1 oSO glaﬁ’i‘lé‘gﬁllg‘ &Dbghe “’"FC"a‘S’:’;‘lnggsuﬂ’g’c?ﬂf‘sé?°§‘l""?‘gc| ude, but

ar-e CunE)thI 1(;135 SﬁcmzxﬁtHcaEizi;ﬁébiEai tkayls;foht(fbﬂatﬂvatoeﬁluﬂselamts)@atsagdswtcamm corrpl exes such

as .
- Deposi tion 20046COmPosKeD pio %8%'33‘)“6‘6 ‘%Ffp’%t:@mcggﬁréem?‘ﬁ Wprg?‘?(‘? gtist i cal

fluid can partthﬁﬂm@oa‘@vm a;tblhmnicm E@a@ﬁ@ﬁﬁmafamsoﬁelelomomyhsghtwords t he
supercritical fluid can react with recursor or..a erlv(gﬂbve of the

_ precursor to dv‘é’é‘ﬁ%?‘f‘vﬁ%%usd’é%‘idﬁgﬂlﬁ?ﬁqsé‘f*‘il s gt fre used i stengderd GYPs ace. For

- exanple, in aygWPRE M stahﬁfi‘éag%é %én%ﬂhlbﬁmc%eﬂgolmgﬁty%s@eﬁﬂh&’zﬁnt and netal
precursors such as organonetallic conpounds, N20O can_serve as an oxi di zi ng

agent for the sdvaals. Gspaelly, 8 synsrayities] gplient AebsIcomReseS el HungleolvREEoae g _
material. I %&%ﬁ@vm&%@ﬁ% £5 & ardple SAMAR Rfnolukt (kh%ﬁ%%‘fﬁ?bl&ﬂ cal fluid.
is chem cal y 1nert. Solvents S% I'vents useful as supercritical fluids are -
wel | known in fifid go-solveméisush as mefhenolmes referred to as dense gases ( Sonntag
et al., Introducti %1sﬁﬂp§i@an?ﬁ5§ftﬂ@@¥§ﬁf§'a?§sufﬁeﬁﬁ§hcﬁéﬂle Anfe shpdiclifita cal, 2nd
ed. John W ley & Sons, 1982 . tenperatures and pressures above
certain val uesséleat tg a]HaWthowgmemzsa@s&p&ﬁ@étbedﬁ@gwﬁeeﬁohﬁ’s\ﬂrnea%!PPmecal
tenperature an Sooi ASAR SakiuhabRehe! W d and - 14
V0 63/ 060076 Pt B EF RTINS e P TREEALL YF L bepcRBIb R, 1 are
~identical aad mehtmb@téﬁﬂfébnmderaesfuem@t@at ©lvgn dan%ﬁmémdﬁast%éﬂmmcm d.

Sol vent s t hat r: fl

- solvents by ‘ony ?de%%ﬁ \%& gtrl%tlzétjrhgai1 ner%’}{éﬂ%?ﬁﬁerd& tlkﬁﬁ&éﬁ%ﬁﬁgﬁﬁo‘\%ﬂ% fsh?:lgsm?ty of
~the supercriti delcrigodl vesperatfraend qrmaﬂ@sessw@r oved transport (relative to

liquid sol vent S_) of THEEPE05w 18 s&[;'éjexamples of solvents along with their respective

critical properties. These solvents can be used by themselves or in conjunction with '

20.  other solvents to form the supercritical solvent in CFD. Table 1 lists the critical
temperature, critical pressure, critical volume, molecular weight, and critical density

- foreach of the solvents.
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To describe conditions for different supercritical solvents, the terms "reduced

5  temperature,

"o

reduced pressure " and "reduced density" are used. Reduced

temperature, with respect to a particular solvent, is temperature (measured in Kelvin)

divided by the critical temperature (measured in Kelvin) of the particular solvent, with

N analogous definitions for pressure and density. For example, at 333 K and 150 atm,

the density of CO; is 0.60 g/cm3; therefore, with respect to CO,, the reduced

10

temperature is 1.09, the reduced pressure is 2.06, and the reduced density is 1.28.

Many of the properties of supercritical solvents are also exhibited by near-

supercritical solvents, which refers to solvents having a reduced temperature and a

reduced pressure both greater than 0.8, but not both greater than ! (in which case the

solvent would be supercritical). One set of suitable conditions for CFD include a

15

~16-

reduced temperature of the supercritical or near-supercritical solvent of between 0.8




n- CAHI 0425. 237. 525558. 120. 23 n- C5H12469. 633. 330472. 150. 24

CH3- O CH340053. 017846, 070. 26 CH3CH2OH516. 2. 63.016‘746.070.%@' .
H20647. 312. 868V QBESY3D. 33 C2F6292. 830. 422. 4138. 010. 61 To desuripas+?

.condi'tions for.different supercritical.solvents, the terns "T‘i§ggﬂe%ggﬁced

tenperature," "reduced pressure," and "reduced density" are.use

temperature, whkh e ﬁ@peﬁtﬁcaﬁ%&r&a{édf%&ﬁﬁa Sabs¥ 8R3h 150°€. t enper at ure (nmeasured
i n Kelvin) divi ded y the critical t_erTFerat ure (measured in Kelvin) of the
particul ar sol vent Caxhon Hioxide 6GQu) apagistlarly goaskrhoibe et sgiveatdor € nkP densi ty.

For exanple, at..333 Kk >0 At m ' {11 QR tHus afovBOnise M8,
therefore, w tcﬁlh?aﬁeﬁ)nggfmﬂ%ég%z,é}%E)S%%gfj@gegﬂf%‘}‘%@nﬁaerat ure 1s .1, 039 the
reduced pressWwigidderat pidEess semtbetdnges @HROCEY Itisrbo tyreactivd witB moNEISEURSEISt he |

ti f [ itical | t al hi i ' :
Cupbrer o cal SeFReN dRm A% KRB B Ralpd Saloh BubER BT

t enper ature anguals of &MidGairfEL Chbereuikbldsobemaieundt, Harex8mglle, dthene oot bot h

greater than | (in which case the. oI'ver%woul d. bﬁ Sul ercriw_thi cl(ils!. . One set
- of suitable cdWerapr-GHECBY beE9T Rirbighag Uk 1 egars u?‘@ﬁﬁjg‘lgatu% 0T the
- supercritical Z:Qét:u%ﬁrw}ﬁél&@ﬁ EdabttvhigAtOS hches torfifletRebive@naltng mdlls WO 03/ 060976

PCT/ US02141242 13 JUN 2006 and 1.6 and a critical. t§rrperat ure of the fluid
of less than 190EnEREREClegLdgRtipehEynds (-8 AP ar |y good choice of
sol vent fory CFD. | ti§ sonfd dritoSilentsSSMPRARBICHE Be doRdted biskd biStheir @RAnésOwWRIDI ent

" tenperature . and thus allows the use of noderate process . tenperatures (<
800). It is alwepegiie Erprecymsongni/Rr sHEETAts rAliemnadiyely selveripepnbg S Rd is an

Ny

- phosphi nes)s - 1Qoits

i deal ~nmedi um fﬁvaﬁtglﬂﬁéisgpahﬁ%téi%% RS IR ROSE EraRP1es of sloh Soivdnisad ds o
solid substrates. O her suitable solvents include, for exanple, ethane or

propane, whi chdeserjbeppbergir e suitable than C®2 in certain situations, e.g.,
when using precursors which can react wwth CO2, such as conpl exes of
| ow- val ence netals ning strong el ectron-donating |igands (e.qg.,

C i pprewdiofent s, sol vents can be sel ected based on

their inertness witd g&,ﬁioﬁ,q_ W ogg(ﬁ%;b}[&%c RAALO oIl ith@ies,
> ‘

-~ A ternatively, solvents can be ‘'selecte

such as organic compounds, can adversely affect many of the properties of the film.
For example, contamination of copper (Cu) films by oxidation can significantly
increase the tesistivity of the films. SHCh contamination is oﬁen detrimental to the
20 fuﬁction of the film. Coptémination can be suppressed by careful selection of the
| precursor, solvent, and reaction environment, €.g., temperafure- Contamination can
also be suppressed by including additional reagents in the CFD process. In the _
description that follows, the suppressibn of oxidation in Cu films by several different
mechﬁnisms is discussed. It will be understood that Cu oxidation is intended only as
25 an example-of film contamination, and the concepts disclosed herein can be applied to
mitigate contamination in many CFD systems. Moreover, in some embodiments, the
~ desired deposit material can be an oxide (e.g., copper oxide), in which case-
contamination would include non-oxidized material (e.g., copper). In such
embodiments, one could include an oxidizing agent to promote oxidation and reduce
30 tﬁe amount of non-oxidized material.
Copper is used in technologically imporiant applications, including

interconnect structures and for filling contact and via holes in microelectronic devices.
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advant a'geousl y participate i.n the deposition reaction. Exanples of such

solvents are vﬂ%‘s 6699(§d herein. 15 Contami nati on Suppressi %T’ﬂSLZmI%{Z'
contam nati on, y oxidation or the inclusion of other inmpurities,

-such "as organic corrpounds can adversely affect nmany of ‘the %ggﬁ&;d‘gs of
the film For exanple,.contam nation of copper (Cu) filns by oxXi tlon can

si gni fi cantly Thé isaRags o‘fbcﬁ:pér&;‘ixbﬁdthétchﬁdu@tingtditﬁeﬁdld BRh aSelaRinner inahileat i on is
often detrinmental to the 20 function of, the film Conta natlon can be

suppressed by 1o &lstivibe rRieYed slegorpgRUoR YR SoInd IREFFRHETSENE 'S eact i on-

environment, %ﬁ&s-nndh@ém%'icﬁhéjr@urre%ﬂ&tﬁéﬂs%@ﬁéﬁéﬁhﬁ@ébpp@ﬂ §ikhReCcopRAs essed by
i ncl udi ng addltl onal reagents in the CFD process n the description that

 follows, the spipisries $reNoPecsgharat o oFPvids uejorm filking at;/veszeveww 4% HRr ent
mechani sis i s agt!l Egﬁg%ﬁ%pasgécttr %IHJE?C!B?S #Qﬁja%r ﬁ&g%iuft p ag"ﬁt)i Wb i S

i nt ended onI m cont am nat | the concepts

di scl osed her @rmtiwdrmommempﬁélb’lfefdhﬁseapmmtlogat @thempphm‘trnmﬁoowww ipgdye CFD
-systens. Mreque enbodi-ments, the desired deposit nmaterial can
be an oxi de (é’““{ef‘“’“?“&;%rg%éx. de), in whi ch case contamnation would:-
- incl ude non-oxi di z€d preatiwsems,ahclfde, gnt ,arecmpxnane)dtoj Cu(Ehbdia dibetbuatéssaditas, one

- could include ent .t oxi-dat i ce 30 the

- amount of non- %fgﬁ%gﬂé‘aﬁﬁﬁkﬁ%ﬂ b'f@ppéfg%tgehe g "i’rﬂ 21%2((1: ﬁﬂ (E)g'ldééal ly - '
i-mpor t ant @pplomaédlcﬂm&)copmﬂl),obmgz 6Lmtaatamempﬂe&,5-hsptanedtouate);omdlli or filli ng :
" contact and via hol in,.mcroele evi 03/ 0 :
- PCT/ US02/ 41243-°P3% (gﬁﬁ B%%“"Pﬁ ‘gﬁf%ﬁa@é‘gr‘%‘e‘f@6‘5‘8}0“%’3\%‘68?’??8 Conduct i hg
materials, suchcas caal(m[mcwm)zcngﬂmmm@m]z r@m(l)s,armcmsm, intlogbe, bmcb :
el ectrom grati on re ngce creased r.esi st e | nduced
voi dage. Curr &t "HE‘? %#Btﬁéﬁ%hqoﬁﬁo "él?ereg 1g3§3%@t5 put tering,
have. not been aaaeumpmcﬁpmfe@wlaﬁs WwRt1bestadidnic) dnunmyommyyﬂmwwsg 150 nm 5
and | ess), h aspec tio trenche resul opper CVD has
not been Era ﬁa@égs 8%) RETeRTSP “Pce‘fd%tcﬁ‘géfec)g‘ép‘fvﬁé%&a%ﬁsl I G;ﬁ r applications
for copper i nq{eﬂﬁ&ompz mptaeﬁhewmmagmb@a:radse 2-@nyﬂémmsxoms driahetslasi- but are

-not limted. tao, (37 bet a -di ket onat es. such as - fac) 2, O'i(chf ac)2 -
ydr at o,  bi s( BRI, ATHE PRGOS H g B e <. S

metals, glasses polyimides, various oxides such as silicon oxides, and nitrides such as
titanium nitrides.

20 There are several potential sources of oxidation that can cause contamination
of Cu films during CFb. In some cases, oxidation of the film can take place when the
film comes in contact with ambient oxygen, e.g., on exposure to eir. Altematively, or
additionally, oxidation can be caused by iﬁteractien of the film with decomposition
by-products that may contain oxygen. For example, at sufficiently high temperatures

25 and/or in the absence of certain reagents, e.2., hydrogen, the breaking of precursor
ligands can take place:

Lol 7, 4L, +L,...

oﬁginating species Ly, Ly, L3, ..., which can then react with Cu:
2 Cu+L, —2 4 Cp,O+...

30 In some embodiments, chemical reactions with the solvent (or impurities in

the solvent) can contaminate the film. For example, it is possible that scCO; can
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1o |
oct anedi onat e per g ),bis(2,2,6,6,-tetranethyl -3, 5-hept L 1 0) copper
(rn, Copper)‘Yq 35 93 St yl acetonate, and partially fluori na?@ﬁ%ﬁﬂ?ﬁ?

‘B- ani noal ohol ate conpl exes such as Cu(11)[OC(CF3) ZCI—IZNHCHZ%WR]Z’@ 6CU( I )
precursors; include, but are  not linited to, (R-diketonate)Cul compounds,

where L is a lpgad tindefihe afirdpRE cordikotRSsSy., 42 AiRE RdihdeBiture (Suel dsns,
cycl ooct adi eneOIX ando%/é}ﬁy trfﬁ@fhﬂ;gl Icgne (VT I\;SIS). {%5 Exﬂgnplrg of . Cu(l)

precursors i n@0¥eordighsPadyace yupugess sich puwatprang Oy, iy thy SBP%SCﬂtlcal solvent
hexafl uor0- 2, 43 PRIH ANRILANAEAGaBRtr Eu mrghbsm?er@a%yne COD, VTMS, or

2-met hyl -1 - hexene yne | ms can deposited onto a variety of
substrates, e.g., élt%qrmases thefilar’ %SHS@P&@b'ééo cmnwae@bwaﬂw%‘ Bxi des

such as si l I Cg? ?l‘lpa? 3%}6%%(3%{[5& #%eg&%%é#&?gslla%he a‘rpsq‘ietb% @utfflfndﬁ)§ 20 There

- are sever al® X on that can cause contami nation of
Cu filns dur| rgarfiflE). cah nffen the fimsescepoliyas Modaton. frteenérp), filnesawith kakeer. pl ace

when the - filmcones in . contact with a Q ureto
- air. AlternatiS&IY8 or laggst T4 fLy lfehcveox? geaf’ ?Sosﬁ%g@[hkbt% 091{13&(9’&1‘[%}(&'91%
~interaction Ofwﬂlfbalaﬂlbﬂ egmmiﬂonﬂef;(grqms&mmmze dhqpenpismdmmsrouh&ttormfocont ain
oxygen. For exa at suffi h t era Lin t he
~absence of cer¥? e’r%ﬁﬁé’ﬁ?gm p ﬁ?ﬁ&{’%btgﬂpe - r’éla clmﬁlﬁdg‘fqg h(r%ecursor
~ligands cap t aks itﬁfe@typlcali‘ﬂfb'ﬁnllargdr grldms tlﬁnmfgmm&hmergumlpmmdsr dohdititi®, L3,
..., which can t%en react thh,[%%I SXelug
embodi ment's, cHEHIRHFT IFEBEIVGEY S fﬁ?“?%“é‘e%?’%ﬁ%“ Tq%"raff"ﬁpfaﬁ‘{“”@ N the
~, solvent) can cgpi (ﬂx@&di‘b)ttlﬁehf/drdagEhatEﬁran@ma;ﬁmﬂacetlonaﬁon saqrossofCElt hat scCO2.
fcan -18 WO 03/060976 13 JUN .20 xi di ze co nder .t h rlate
condi tions, e.RjECUrsgEs RV S“tltéﬁfmg'?f%ffiﬂ wo 5&‘8@9 ’g %ﬁ@oﬂ}}c ‘ﬁ?‘b‘ﬁg? *Trace
inpurities, su&hd,ggnmrecugn%&&somn the supercrl t| cal sol vent can lead to
ext ensive oxidation of Cu af h| tem tr#‘ure a? thefilms‘
susceptibiMty to é?f?ﬁ?%‘i‘lcﬁ%qlﬁ“ﬁlﬁ ﬂs"oaé}%F ?%’é‘l‘?@@lﬂi‘h 5“ {8or phol ogy,
. €.9., grain siZganffatbheReRAGSmperiiife, B @kdinpld, 2&n ﬂfecﬁn%sﬂlcbmmfnﬁﬂion
- exanpl e, can affect the filns susceptibility to oxidation. |In general,

films with | ar@e‘iﬂeﬂ'ﬂ‘é‘c‘babo"?ﬂ%ﬁ"‘bﬁz%?anlbéPg%ﬁ‘ed tyyths 152CUgP EPRETAEGed to be | ess
suscepti bl e t orgxiislail, ek deBRR of b:lidFion may be affected by temperature. Cu films

formed by CFD of (hfac)Cu(I)L,, in CgFg, for example, show _substanhally more

20  oxidation when formed at higher temperatures, e.g.i, 250°C, than films formed at

slighter lower temperatures, €.g., 225°C.

Oxidation of Cu films can often be suppreseed by providing a reducing agent
during CFD. In some embodiments, an additional reducing reagent, e.g., provided as
a redueing atmesphere or in solution, can suppress oxidation of the Cu film. -

25  Hydrogen, for example, is a strong reducing agent that is compatible with scCO,, and
is thus an ideal reducing agent for CFD. Ethanol or other alcohols can elso serveasa
reducing agent. Usually, any reagent that can reduce copper oxides to metallic
copper, is ineﬁ with metallic copper at the reaction conditions, and is soluble in the
supercritical or near supercritical fluid solvent can be used.

30 | In many cases, the reducing agent suppresses oxidation of the film by directly

| rcduciﬁg the precursor. The material, Cu, is deﬁosited onto the substrate as a result of

reduction of the precursor:
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w th slmalll er, e.g., nanoneter, grains. . Grain size depends on numer ous
factors. For ex3 grain size can depend on reaction te‘;@ﬁl? L Fil nms
formed at hi ghe? ?}g(loﬁenperat ures typically formlarger grains %e{!r‘:]rz% lms -
fornmed under similar conditions but at |ower tenperatures. - ? N%%l on

- mechani smcan also affect filmnorphology. Filnms produced by H
hydrogenatl on and di sproporti onaj;dm Hgct Rewia ofy, Co), ‘precursors. may
result in a different norphol ogy fromflﬁ ms produced under simlar -
conditions fr on@JCu(II)szs e@uflﬁmompleﬂntl%amds dn Hxemgles plomeh mregursaksswe af f ect -

t he suscept.ibilit a acti t.enper at ur e,
for exanpl e, can %?bgg%t”m lve]%{’lthe red'fc il %@&pg&g C&R%lpﬁgﬁtoxmgué'b bove, grain
size can be af fedotiegh bycttdn@rd@atcﬂﬂt}mrpr&wmpemfghmrthe matkdal] Cii,dfnddpbsitedt he degree

f datii ted b t by CFD of
Oht o 81 98, e MBS e PRGN PhCinis e o TS ot gt on

when forned atphaghench &niperatures, e.g., 250C; than filnms fornmed at
'sllghter | ower tenperatures, e.g., 225C. 0<| dati on of: Cu films can often be
suppressed by providing a reguyg) '(IZJQL @&mmadur; Qgcqaﬁ pome enmbodi nment s,
“an additional reducing reagent, provided as ‘a Fe uci-ng at nosphere or
in solution, can suppress oxﬁd‘ﬁDLm‘rfbu Freedui 2 HL 25 Hydrogen, for '
-exanple, is a ron edu0| n ent hat atiple , and is
“thus an ideal ’Efu‘?: B 1g@fqﬁ$1?8§?‘ng‘sﬁ9f‘ﬁt§ﬁthéquégm?ﬁ§ can al'so
Serve as a rediéﬁﬂoﬂﬂﬁ&ﬂﬁaﬁ to iUﬁﬁlaé;prr,,a@ﬂ(ﬁl)ﬁ:@ﬂﬁl@mmhhlgindﬁﬁnarfdQMfér copper
‘oxides to netallic copper, is inert with netallic copper at the reaction
condi t i ons,0an&apiengrdyst k- The pevdy famse CedDipmplex srtherasgucedipetier it cal
fluid solvent ﬁ?d} %é‘ﬁ aHﬁ&‘Bher@%A;'EdJEﬁBﬁIre%@tﬁﬁ%xmﬁaP%thé%%e%b@@%ke Sippresses
oxi dation of t ? m by-directly reducing the precursor. The material,
Cu, is dep03| t & poRsense ohan exigising araroament (¢85 8O- sflutignydigrescian plodedie
Pevon on + 2 P ARG el Tolelih fERAFcobfereihe Wik EHM b uding® =
. Exanpl es of - suegﬁnpmdizéemsalwedtgﬁﬂ@womovedewcpma@auwgw ablhbpm'éﬂucu ng
“at m)sphere nﬁﬁgﬁ}g@ oxi dation by reducing a reaction product of the
ga|

~ precursor. material, Cu, is deposited
' For example, one embodiment of deposition in a cold-wall or hot-wall reactor

. includes multiple reactions from Cu(l) precursors of the general type (B-
diketonate)CuL,, where L is a Lewis base, andnis 1 or 2. A precursor, or mixture of
precursors of this type, are dissdfved in .CO_z as described above. The temperature of

20 the substrate is then increased to initiate a thermal disproportionation reaction that

yields a copper deposit according to the following reaction:
2(B-diketonate)Cu(I)L, = Cu® + Cu(IT)(B-diketonate), + 2 L,

25 The addition of a reaction reagent then reduces the Cu(IT)(B-diketonate),
resulting in the deposition of additional copper. These reactions can be conducted
sequentially or simultaneously. '

In one ernbodiment, the precursor is Cu(l)(hexafluoroacetyl-acetonate)(2-
butyne) (Cu(hfac)(2-butyne)), and the deposition from Cu(hfac)(2-butyne) occurs via

30  atwo-step reaction. The first step is shown below and occurs via a disproportionation
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5 onto the substrate as a result of reduction, but this ti rfé reduction of a
reaction pro h as in The=l 2 Cu(I)LL' d' spo’ poni o""Ion%Cu +
cu(ll)L2 + 2 %B%‘Wﬁ) L2 +H2 Reduction ~ Cu + 2 HL Here, ACEWEMH1#npl ex
with neutral ligands L and L' dissociates through thernal: UN 2006

-di sproportionation to formcopper, a Cu(l}) conplex with Ilgan s L, and a

further 10 r gestibRNTHE REtth dbes nomqulqu%tbg&pimgth%k{ah Ind6QAPlagx i s then
reduced by the h drogen at nrosphere in a reduction reaction si‘rmlar to the -

one descri bed HHRBUY pigh tgmpsragye dhayerction isaansslerNes i qglepositionopsesan (e. g., a

002 sl ut | 0n) a1t dffade AelrRAorio HelidaSand ¥t Ber driRE Bl T 0 oportionation can

i ncl ude copper oxide, Reaction wth a reducing agent H2) can al so

reduce the. coﬁb@!om%l%éthndcaﬁﬁﬁrpéqwsws@émet¢fr¢gpﬁeﬂ0aamr&ytfammh§ﬂnﬁ5 coppe

deposit. F I 0 tion in a cold-wall- :

- hot -wal | r%C%?mlnﬁﬁi%&g%?%ﬁegise%lggglgﬁ?sfrom Cu(l) precur Sors of the

general type ((3- diketonate)CuL,,, where L is a Lew's base, and nis 1 or

2. A precursor, oremnmxture of precursors of tdis type, are disssolved in

- CO2 as described above The terrperature of 20 thwbstr@ec(s then

i ncreased to |n|t|a{e 5 a therfal d'i'sp[o r,tl_ignazt;/on r\eq:gﬁon Ng;a +yields a

copper deposit acéO{dJ‘n,g ?ol he follow ng reactl\gugi 2( 3¢ (;y=k:g(onat e)yCu(l)4 3

Cut +Cu(l1)((3-di kefonat e)2+2 L" 25 The additi gn’ of a reactlbg: r.eagent then

reduces the Cu(l1)%(3-di ketohate)2 resulting in the deposition® of

addi ti onal copper. These reactions can be conducted sequentially or

si mul t aneously. I n one enbodi nent, the precursor is

Cu(1) (hexaf | uor oacet yl - acet onat e)(2 butyne) (Cu(hfac)(2-butyne)), and the

deposi tion fG#m Cu( hfac) (2-butyne) occurs via 30 a two-step reaction. The

first step is shown-bel ow and occurs via a disproportionation -20 WO~

03/ 060976 PCT/ US02/ 41242 13 JUN 2006 reaction. This reaction does not

require hytt ogen and is thermally induced. At sufficiently high _

‘tenperature, ‘the r iLtiO occurs on all

surfaces, whether g?lg%l%:tgn%%%dlggﬁ§ gﬁ%% ee(;u(%m (ﬁ%éfig}qg:}h
disproportionation reaction, which occurs via a hydrogen reduction. The reactlon '

occurs preferentially on an active metallic surface such as nickel, palladium, platinum,
aluminum, copper, etc., such that the reduction of the Cu(hfac); can then occur on the

15 initi‘al‘ layer deposited thermally.

CFy CFs

AN / o .
=0 0—=C, - O O
\ /
,H2C< -}_Cu .. >CH2 + Hz M Cuﬂ + M
i O—C\ - S CF. ~ oR,

0.
By

CF,y

To suppress contamination of the film, a preferred embodiment is to maintain
20 the temperafure_of the reactor and substrate at conditions that avoid thermal -
degradation of the liberated ligands and ligand products. For example it is known in
the art that use of excessive reaction temperatures (gTéater than ~ 500K) for
deposition of Cu from Cu(IT)(B-diketonate), compounds can lead to the formation of
carbon impurities by thermal decomposition of the ligand and ligand decomposition

25  intermediates.
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di sproportionation reaction deposits a |ayer of copper on any surface,
including 5 netals, netal oxides, nitrides, glasses, and po

/C=0 C H2Q\ , W64 CF, cu + CF3\ /CF3 Coo O C H2C Cu. %’Uﬁ"z/“éz“& o- o\
CF3 CF3 C4H5 10 The second step is the reduction of the Cu(hjggyr Jogsned
during the dlsproportlonatlon reaction, which occurs via a hydrogen:

reduction. The rea f°5’§?‘|%l‘55°°‘°°°5f%ﬁ’5‘%5ﬁ gigc;gﬁ ﬁss@g‘lccﬁ&}ﬂuya%oﬂgﬁﬁél I C

surface such as nic Fum platinum
t hat the redudilmﬁonefxamp@ @sr(wm@m)e@ts@émrettlkﬁedweﬁéedjma@ﬂaltlh@scepsbirfFﬂ tial | ayer

deposi t ed tI‘":"rcrra’tla }lnatu%:bgfon a%tlm{g_gl\leétc%ashagg?uq gnldﬁen% %t{? é \ Cr3 CR3 H2-

 Metal -Cu + To SUPpress an nat’ on a prefe enbodi nent is
‘to maintain ZﬁnnHinmatxanpmﬂmﬁraavoéxamp& crfelﬁs:isdretmmalsdmmpomcmamn condi tions

et 2ol oLk, SRR Rhel NS 440 e SRS P e
. reaction t enpefilis UCEHBpdrgiveB] te thiehal dispPbifondtion readipasfi(hhgTu@f2-Cu from
Qu(I1) (0-diketonate) 2 COMRAIN IS SHin) SaditPakhe ormtion of
A solvent can suppress contamination in one or more ways. Replacing an
“oxidizing solvent, e.g., CO,, with a non-oxidizing soivent e.g., CF3H, can suppress .
10 -oxidation of a fi lm In some embodiments, the solvent can potentlally suppress
oxidation of the ﬁnal film by reducing any Cu,0 formed during CFD.
- Alternatively, or additionally, the sol\_rent can extract by-products of CFD,
whicﬁ would otherwise contatﬁinaté the film. By-product éxtraction can depen-d-on
the solubxhty of the reaction by-product in the solvent. The higher the solubility of a
15 by- product in the solvent the less chance the solvent will be depos1ted with, and
thereby contaminate, the ﬁlm. Sclectlon of a polar solvent can enhance extraction
efficiency of by-products by the solvent by increasing the solubility of the by-product
in the 50]ven;t. 7
. Insome embodiments, the precursor ligand(s) can suppress contamination of -
. 20 the deposition material. Oxidation of Cu, for example, can be suppressed by selecting
a precursor including an antioxidant and/or reducing ligand (e.g., a self-reducible
precursor). The ligands of such precursors can participate in the depbsition ;eaction
(or reaction sequence) to prevent oxidation of the Cu and/or to reduce any CuQ, that
may fori. As described earlier herein, self-reducible precursors possess ligands that
25  can serve as, or liberate, reducing agents upon decomposition. Examples of a self-
reducing precursor are partially fluorinated B-aminoalcoholate complexes such as
Cu[OC(CF;),CH;NHCH;CH,OMel,.
In some embodiments, réagents can be included to mitigate contamination of
the reactor and/or to expedite reactor cleanup. This can provide an economic benefit
30  byreducing the dégree of puriﬁcation required for the supercritical or near-

supercritical solvent, €.g., solvents with trace quantities of water or oxygen could be
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carbon inpurities by thermal deconposition of the ligand and |igand
deconposition 25 internediates. -21 WO 03/060976 PCT/ US02/ 41242 13 JUN
2006 The appr OpPpHEee276hoi ce of sol vent can al so suppr esses REGMSaIH1IREE | on of
the film For exanple, in-enbodiments where the deposited M 9(iNdodsS
~susceptible to contam nation by oxidation, a solvent that is a reducing

agent can nmtiga uch contamnation. An illustrative ex le of this is
fhethor i i SF0 By BPER sABRPIAMLARS CuBh shPlog O SES BN Fer SRR RGP 1 o
scCF3H sol ventincreksing thy/lendtsl 61 tithdBbednisntédancefih b dentinCoupRsdatiiondthailityt he
thermal di'sproportionation reactign of éhf ac Oﬂi\?& - b tyge%.“ in lﬁchz S
yi el ds substanti al 15 SURPHAERFIH ©28 b8 Smperited Juh SELBRPERF nat i on
in one or noreprd@iysor, tRelvast MMl tBdreadioh Abrlittls. SRl eMBBEimeRis Where@R. W th a
non- oxi di zi ng sol vent, e, (g@ CF3H, can_suppress. 10 oxidation of a film In
a

- someenbodi frenkrécurion diswsiatre Hroughhespeldiproppripnaliop e eemplex tha RICHRCTO!  t he
final filmby fRdurbRInEIYbdRHed X dBAndibiveRds Q:pércﬁ]tiéa%nnﬁéaf-éﬁﬁ;leaéﬁﬁéyi

additionally, the solvent can extract by-products of CED, which would
ot her wi se cont B Fageok trraparatines argpresswrgs &t tvhichtheprequaser dissecidepend on the

solubility.of the rgactd 5 ' : %@ 51(? - i.gher the _
solubility of- a 15 ;’ ng%lll%?ﬂiiﬁg_#]%tegg? é/%ﬁstﬂstﬂ% %lsaismlg _t%lr?g'e t he -sol vent
wi || be deposi Prstérably, precuased dedempedifiorcpndustsi(ptherghan themfdetiah sh@slddet i on of a
pol ar sol vept t i L Ci - -nr. > by the
Col vent by oy BaafP AR FH-ERE e el LRkl XREARRRR OV F
I'n some enbodi shenkigiot ek taxdeposit wotaniitegtfeld sthe cacticguppiues shadhprafrabbt i on of
20 the deposi ol iRl EiAbrvefdt! WRLL AL oherialic L QLo BATRL Rumifihlsy SUPPT essed

7 by selecting a precursor 1ncfudingan anti oxi dant andlor reduci ng |igand :
(e.g., a self-redingivbthethepraupmemns $f thdystemi (gandéthdfe ssheht, prveituotbars can

participate in_th L] i . reacti S¢ e 0 prevent
oxi dati on of t%cem%ﬂjg%ﬁ@igﬁé@ge F’% E%:’esg%naﬁ {682 eﬁaetcgg%c%%%%%&eﬂtsm descri bed
ear | i-er heriei ninckhgé & decenipesitinergiuecthataoti satgsessiemmationganabibitingbr 25 can serve

as, o |iberate Ledyclag.asnt.s wpon deconposiiion, Fxamles of g self-
- r educi Nng precursor re partirally uor i n‘g’t]ed - dim noa c%‘%oqu?é’ COI'?'pIi exes
- such as Cu[ OC( (EGin G2 hirihi2iGEagdbionitigate oxidation of the copper. '
Preferably, the solvent should be selected to be inert with the deposited
material. In some embodimenté, a reactive solvent can be selected that mitigates
20 contamination, e.g., by reacting with contaminants or inhibitirig the formation of
contaminants. An example of a solvent that reacts with contaminants is a solvent that
is a reducing agent, which reduces contaminatin g metal oxide to metal. Ease of useis
another importé.ﬁt factor to consider in solvent selection. For exarﬁpie, CO, is widely
available, non-toxic, and forms a supercritical dr near-supercritical fluid at practical’
- 25 . temperatures-and pressures. Accordingly, despite its oxidizing nature, whiéh can lead
to contamination of metal deposits, CO;’s ease of use makes it a desirable solvent for
many systems.
In addition to the precursor and solvent, one can select reaction reagents to
miti gate'contamination of the deposit material. For ekample, where the material is
30 susceptible to contamination by oxidation, the addition of a reducing agent can

suppress contamination by reducing any oxidized material.
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In-sone enbodl ment s, reagent s can be included to nitigate contanination of

the reactor expedi te reactor cleanup. This can proyi ‘

econoni ¢ benef 483’%@9%y reduci ng the degree of purificati or?%?ﬂejgﬁl’ﬁg“a for
the supercritical or near- supercritical solvent, e.g., solve Ngog trace
quantities of water or oxygen could be -22 WO 03/060976 PCT/ U802/41242 13
. JUN 2006 used to deposit contaminant frgesiipl g8, reducing down tinme bet ween
‘batch runs, or_by increasing the length of tinme between nmaintenance in a
cont i nuous pr&hﬁéﬁﬁébn facility. In summary, contam nation can. be suppressed
"t hrough-caref ul he reaction

. conditions. In emgﬁﬁeﬁggmm%%gglapﬁgﬁg%%%nﬂ@ ?%l(‘ggag%mg)?es ?hrough '
t her rral di spr dsgrftuormaentilaneiondte i, SeoyalepttediencHthfas)@EUPBHrand &ud) sol vent shoul d

De 50 oL e S0k LS BRINGDL 5 AURGLALL 2 BBt L1 ol Tor

a-range of tenperatures’ and pres
The precursor IS:h(d)cﬂaﬂudueacserﬂaeabmﬂe)t[ﬁlfmqymsm'mraphﬂmnqmlrfnan Gcleett bici al .

Preferably, ) LSOr, deco t|o ts ther t aI)'
shoul d be’ "t 6 COHPRNPRFRTaieb S grp daisient S0 beh am e RS honen .
- or, where not IrnaeAIi chestichld Werd atedrae abihintdwillquofirthergarifiemibnabibof €. g. , t he

: reactlon prod S | d pr le in t l,vent ere the
material is s ?ﬁ&ﬁ’l{é@f’f’@aﬁ%% gﬁféd’[“fl%ﬁgva ‘F’é%?é‘%%@s&g? '{rH%? \ﬁ{\(y;rrponents
) gf' t he system \(lﬁamgh piity Fiytifogers©b wemty;) Wremb:mhe@rrdnellwenmmumdﬁl u‘sétalt gight
e present, such as ecur ected to 15 nc ude a
“deconposi tion %FBCGUEWIH%!%’&HP?%@L% PR rﬂrﬁ&rﬁﬂ%ﬁ%& Srrrﬂ.abﬁ“rlﬁ |
reversing the undesirable reaction. An exarrpl e of th| S is selecti ng a
copper precursor hat |ncI udes a reducjng. agent to mt| gat e oxi datjon of
the copper. Priesa@pigly. Batch (u,deposition .ol J(iagibu (sbutmed d ¢, salutions, Withi + 1y t he
deposited. mtm@@ In some enbodl rrents a reactive solvent can be
selected that mtigates 20 contam nation, . reacting with '
cont ani hant® or i il BFPFT? FRELFT FrRtTasHV 2 é@%grﬁlmﬁféayeﬂwa%xanpr e of a

~ solvent that TaRhSd kst i 16108 eaRl BRAGSadefond afINe8 M a dARdctive Sved. MBEUCIH N
~agent, which reduces contam-nating netal oxide to netal. Ease of use is

anot her | npor t BPEIEH M@F candugtesiasinger ~ Phmd gpiplssirstesbhigh-pressire eit-wall anpl e, coé

i's widely avarehealp%w&@r} de¥ib&d (JARUBIRKNEN, D PURRE A idab&ak, 108, Watkins,
near-supercritical fluid at pr actl cal 25 tenperatures and pressures.

~ Accordingly, dédpice %ﬁ‘i {141 H Qi aseh medey ribe ool inall reagipr vasatwo-flanged

- 20  high-pressure vessel with an electrically heated stage. The test wafer was secured to

the heated stage. 0.2310 g of (hfac)Cu'(2-butyne) was loaded into the reactor inside a
globe box and the vessel was seeled and pl_lrged with N;. The temperature of the
walls and the stage were controlled independently. First, the reactor walls were
heated to 60 °C using cartridge heaters. CO, was then loaded from a ﬁigh-pressure

25 syringe pump (ISCO Inc.), which was kept at the same temperature as the reactor
walls, at pressilre of 124 bar. The amount of CO, transferred was approximately 39g
at these conditions resulting in 0.60 weight % concentration of (hfac)Cu'(2-butyne) in
CO;. The reactor was held at these conditions for approximatety 30 minutes to
ensures (hfac)Cu'(2-butyne) was dissolved in CO;. Prior to the experiment, the

30 solubility of (hfae)Cu'(Z-butyne) in CO;, at the concentration and conditions used in
this experiment was confirmed using a view cell (M. A. McHugh and V. J. Krukoms,

Supercritical Fluid Extraction: Principles and Practice, Butterworths, Boston, 1986).
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-to contam nation of netal deposits, CO's ease of use nakes it a desirable
sol vent for nRBYs&¥ekens. I n addition to the precursor andP(ﬁ‘msgzz one
can sel ect reaction reagents to mti gate contam nation of posi t
material . For exanple, where the material is 30 susceptiblej$gun 2006
~contami nation by oxidation, the addition of.a reducing agent can suppress
cont ami nati on ’ﬂ}ep’eéﬂwbwngthaﬂhw&ﬁtdh?bﬁﬂ Wfﬁk%mrﬂilnlng&@réﬁaog%ﬁ)ﬁ@@@“@

PCT/ US02/ 41242 13 JUN 2006 EXAMPLES Chemi cals Cu(l) ‘

hexaf | uor oacet Yt Be bipeetux eiihssgeriaphed RE5C, eonronimpiol)7 bar alilayss |

hexaf | uor oacet t ng) (ry 5-
hexaf | uor oac eténg&cgtt%%(gm\]ﬁoﬁy{%ﬁg%ﬁﬂisﬁ{gQSLSGM%%S Jémg@q gj(JI I g '
Bi s( hexaf | uor oz @tPychrser melatralo c{@ﬁﬂad‘}l@ﬁ(larpk@u]re mehcevesdet wasrﬂdé bhr om Cel est
Inc.” Cu(l).h t 1he n sobtalned'
from ADCS * Anco Bk A RACEMS SRENIIR e el i R R e Ve
purification. sGgebonheldiatddsefof Col2dwan. difiackhe dépﬁmﬁ&f%epwrctdrw)as allowed

Lo e o 4 o ol i b

Fl uor of onn" (986%smmﬂemhﬂlaﬂﬂghtfcbp}f&-%ldﬂ’eﬂ(ﬁhma’MIife W& gt g@ﬁo&'ﬂﬁ@a‘ﬂ&@aa Exanpl e
1: Batch Cu de dsml on of [(hfac)Cu' (2-butvne) / CO, solutions with
- hydrogen 15 A 2 T5™m x 2.2 cmsilicon substrate with a 300 A Ti-N barrier

| ayer was 1so0ni camede;fdsrts\tas cmrdcahmr@}af@mhmmr(m:@t onE z@&ﬂo»dg thed in a
convective ove -I‘-igfﬁ exper i fr]:}g‘?vvas co d cted using

stai nl ess- st ee adfiodatiyRolins Rl T” 1 é%?‘B?PeﬁF%QHeéﬁgPWQfégcrl bed (J.
M Bl ackburn, dibstRie. [PeAIG at PO viiakanass3 al1d6‘1’3c\9ﬁ5§§bﬁl§toth§]§b®%@(4% , 141
2001.) in bat ch node. The cold wal |l reactor was a two anged 20 hi gh,
pressure vessell2®E ehSian el ectrically heated stage. The test wafer was

secured to the hualedhoss 8088 afiad of hetinflaohliath Babgr RUTKDRL, was | oaded

into the reactor_inside a globe box and the vess S sea and purged
with N2. The t@fsEe Heentemisptiqnigon thaprdsr efifavi hevhercay ankPsonvspirations ed

i ndependent | y. 5 FikSthan 6 .56t 6€actor walls were heated to 60 C using:
cartridge heaters. CO2-was then | oaded froma hi gh- pressure

Example 2: Batch Cu denosition of [(hfac)Cu'(2-butyne) / CO, solutions without
hydrogen - :

20 - Example 2 is a similar to Example 1, except that in this case H; was not added
to the reactor. The size of the TIN(S1) substrate was 1.2 cm x 2 cm. The amount of
(hfac)Cﬁ'(Z—bulyne) used in this experiment was 0.2354 g. The reactor was loaded

- with CO; at 605C to a pressure of 124 bar. The concentration of (hfﬁc)Cu](Q-butyne)

in CO; was 0.69% by weight. During depositioﬁ, the temperature of the walls was
25  kept at 60°C whilst pedestal was heated for 1 1/2 hours at 225°C. Final pressure of

the vessel was 207 bar. Thermal disproportionation of the (hfac)Cu!C-butyne)/COg

solution on a TiN(Si) wafer at 225°C in absence of H; yielded a dark brown-black

film. XRD of the film obtained from a (hfac)CuI(2-butyne)/C02 solution in absence

of H, 1s shown in FIG 2B. The analysis fevealed the presence of a Cuz0 film. No Cu
30 reflections were observed. Si peaks were also observed. Similar results were ﬁ]so

obtained on bare Si substrates without a barrier layer. From FIG 2 is evident that pure
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25, syringe punp (1SCO | nc. ), which was kept at the sane 'terrperature. as the
reactor walls sure of 124 bar. The amount of CO2 tr red was
appr oxi mat el y angmg’lp%tshese conditions resulting in 0.60 wef @Hﬁg H242

~concentration of (hfac)Cu (2- butyne) in CO2. The reactor was4h Uilli’dost hese
~conditions for approximately 30 mnutes to ensures (hfac)Cu' (2-butyne) was

~deposi tion, the&xzpgicf

| vent ed through anf&cltﬁa %dc Canc%(ﬂsubs?rat W;‘rﬁli»]}”\?g%epf ti oerrtlarggrg\?%rsglgﬁa ri ght

- di-ssol ved i n Cﬁi%talli%r@tpdanh@t BehRpRiteEfrom R therhbiaed8os of Mkjout(Y- bﬁtfyné)hﬁ ac) Cu

(2-butyne) d conditions used in

. 882 t}j t he concentr.ation gcr
- experi nent was % AF hesTeenditqns yoigss\Hadprdded o thaiystem. vcHugh and V. J

Krukonis, Super cgid i Gitw SV gha %@%ﬁﬁﬂde oﬁlltéGQhEl\(Erﬁ 180 dsRifaal SR
Buttervvorths Bost-on, 1986). -24 WO O 60976 The ped%sta was then heated

to 225C, whil eravgiing roweeyidetien of éﬁ(ﬁlﬁ‘rdﬁmﬂ?dsmélte FHece OfMerF M@mmr ature

of the stagg r%%9%3118%5&?“ﬁwm&h%ﬁéb&%epﬁaﬂm%ﬂ S corre poﬂ P.&"

reactor froma 70 nm old’'via pressure-dr stoa H2
t o precursor MMMmatmc)fﬁfefﬁm&LhO\ﬁﬁwerléasmilhO[ﬁr\ets"éure i'n the vessel was 214

‘bar. 5 Deposition of Cu was selective for the heated substrate over the

react or vvalls The stage was held at 225C for-1 1/2 hours. After the
: O ACOIUE sdlutitre véfhfliydopen was

copper-col ored fi e V\Blmg garn o

_deposit wastochéirsair toluemeohd byenXa scionBadd drizd in ©conyXEDY ovérl Gh&éx;&ﬁﬁm the XRD -

diffraction pattern .of

“substrate. Pealk&® ‘é‘t“dﬁﬁelf/‘éﬁ"t?etgn%?'%essﬁegﬁ@? g%ts%lr & ﬂ‘f&’a{gb‘t‘t%"t %‘dtphoée?‘gﬁo) gﬁd

e

(400) pl anes déscbed iFESam@e $hh¥24 GldVBhfadah' S(SI])IS) wihs foldzd firtd ﬂﬂed@ﬁtﬁﬁhﬁ(ﬁd in

Exanple 1. The_data 15 in ate F nis on the order; of 2 Wt %
V\heggas C and GC6HE ‘ﬁ‘tsrsﬁ?ﬂ ?{@P“@F “’I”égﬂ?ﬁ Tepclir Sﬁ?fﬁhﬁqeéiaé Batch Cu

deposi tion of $O¢ﬁl§§ﬂﬁeﬁlahthugéémﬁdCbzG§éloﬁdbhlﬂdnpﬂlﬁlgwﬂe@ﬁﬁsynhg’ wgen 20
, _except that in this case H2 was not

Exanple 2 is a simlar to
ciden o the (BEC B S AECENS P HES T ROEFD s TRARPSIRSASTL 5 cm x 3 om

The anount of ﬂfﬁé)@ﬁt@ni%émt»wae)7owﬁe¢ﬁt b4 (htab)%uéte@ﬁ)lmmtomso Bis2B24 9.

*The reactor -was | oaded Cto a pressure of bar. The

concentration C@hf"ﬁ@}'@f’ r@g:_tqglfqrfﬁ@)ommately 30 minutes. Afterwards, the pedestal was
.' heated resistively to 225°C, while keeping the walls at 60°C. When the temperature

- of the stage reached 225°C, =7 bar of H, were added to the reactor from a 70 ml
20 ntanifold via pressure-drop. This corresponds to a Hj to preeursor molar ration of
approximately 30:1. The final pressure in the vessel was 214 bar. By keeping the
walls at a temperature lower than the stage, selective deposition onto the heated
substrate was achieved. The stage was heid at 225°C for 1 1/2 hours. After the
deposition experiments, the reactor was allowed te cool down and the effluent was
25  vented through an activated carbon bed. The deposition rendered a bright reddish
film. The weight gain of t'her wafer was of almost 4 mg.
FIG. 5 shows SIMS analysis of film deposited in Example 3 showing very low C
and F contamination of the film (0.2 and 0.1 wt % respectively) in the bulk of the |
film. O content is around 1 wt %.

30
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in O was 0.69% by wej ght . During deposi tion, the tenperature of the walls

- the film depos ted In- Exa

O

was 25 kept aty 99 .| st pedestal was heated for 1 1/2 hoy aflgac '

Fi nal pressure 0 e vessel was 207 bar. Ther mal dlspropor |on ion of .
the (hfac)Cu' (2-butyne)/C2 solution on a TiN(Si) wafer at. ‘2230Ni Zpogbsence
of H2 yielded a dark brown-black film XRD of the filmobtained froma
(hf ac) Qu' ( 2- buysie)d @2 Bagh uti Glepdshion bafe (ER)COICOI | CENevimidns WithGuPB. The
anal ysis reveal ed the presence of 'a Cu20film No Cu 30 reflections were
observed. Si ;@’Q%—Q\rere al so observed. Simlar results were also obtained

on bare.Si Substr%}&ﬁ.glew&BiarﬂtanaElaa.ﬁﬁrherexlcqsteratmﬁmeeasEH@v&sh&aeaeddent that -

pure -25 WD 03/ 060976 PCT/USQ2/ 41242 13 JUN 2006 netallic Cu can not be
deposi t ed fronthe Fracter dihsaize pidhe TINGH) BOSEHE ¥ay B o -y Heamomt 802 at t hese

condi tions unl ggyd@Adb) %@Qﬁg tﬂl@ﬁx%%néﬂ%@@2ﬁlgeﬁe§&@@r whBadaaditsi s of

I'MS anal ysis ~reveal s a str‘gqg oxi dat i on
of the film deffOsatt6@C pnd IM@ala‘blslmébgefCHQ Thé consenationaf (dae)Cu(GP)bet vveen 6

and -8 wt % whj .t han dln

cont ami nati on Gf Z%”wrﬁ?@gﬂe\%veef“ﬂe@%e?#tglﬁwgﬁ%wﬁ e%“‘E‘x":%a“Wr'pASF'& Bat ch
Cu deposi ti-on @idedid1vas héied f6OD)/2hoR: BEPOL TIRMEnalbrbRuld)ifl MegeRel wis214 cm X
2.2 cmsilicon substrate with a 300 A TiN barrier |layer was_ sonicated to

first in tol uebrs AhgExpraRent fendersd KEY SRvantnoadiomesencpysareablurdiByen. The

experiment 4, vvawepgg{gj,gpﬁ,eﬁgsb@ba,gs fef@nat Phnp! €ss- st eel hi gh-pressure col d-wal |
reactor and procedure described in Exanple 1. 0.2424 g of _(hfac)Cu' (COD)

vas | oaded into tRRDo§Hhetim dappyited ipexapae & is shewn BdHGRA ewingangereali t h N2

Then, the reacreﬁectméa&tmg)matf%msse o@%shxuﬂaee&l ng cartridges and CO2
was | oaded froma hi gh-pressure s r|n is (1SCO, Inc.) at 60C and 124

bar with t35 g ofFI@r)?shprvre SE4H deta of B oefedemﬁwmﬂvemtﬂzﬁh@@zgms 0.70
wei ght % (hf aﬁ%ﬁ)@&mln‘lﬂ%mﬁbﬂe%ﬁﬁEbr@dxﬁﬁﬁioﬁ%ftﬂe'ﬁl&@ho‘%e\r@rﬁhcﬁhe reactor

for approxi mte m nutes. Afterwards, the pedestal was  heated

" resistivel y5t0102@5€0um1@1dk1e‘epﬁnfgsﬂeﬁéfewal | s at 60C. \WWen the tenper ature

of the stage reached 225C, ~ 7 bar of H2 were added to the reactor froma

~70 m 20 manifold via pressure drop. This corresponds to a H2 to precursor

nol ar rati on oExamgpanb ol i deposition of GiME maten t he vessel was

214 b ar. By kegﬁkﬂgmé silap c! iég- (‘:’1\ fI e%f}ﬁroﬁ)a!:é? c.retJth@ the stage,
sel ective depo _
E [(hfac)Cu(VTMSY / CO»: solutions with hvdrogen

20 A2 cmx 2.1 ¢m silicon substrate with a 300 A TiN barrier layer was sonicated

&)

first in toluene and then in acetone and dried in a convective oven. The experiment
was conducted using the same srainless-steel high-pressure cold-wall reactor used in
Examples 1 through 4 and a similar procedure to that described in Examples iand 3
except for differences in the method of loading the precursor. (hfac)Cu(VTMS) isa

25  liquid at room temperature and was loaded to the reactor using 6-port HPLC sample
valve (Valeo, Inc.) with a 0.10 ml sample loop (0.149 g). The sample loop was loaded
with the precursor in a glove box. In this case, before the precursor addition, the
reactor walls were heated at ca. 60°C by heating cartndges wh:le purging the reactor
with N2 Then CO; was loaded from a high-pressure syringe pump (ISCQ, Inc.) at

30 . 60°C and 114 bar. The liquid precursor was then added to the reactor by pumping
CO; at 60°C and 117 bar through the sample loop. The total amount of CO; added to
the reactor was ~35 g. The concéntration of (hfac)Cu'(VTMS) in CO, was 0.43
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_sru_bstr"ate was achi eved. The stage was held at 225C for 1 1/2 hours. Af-ter
the depositi jments, the reactor was allowed to-co d the
~effluent was %Ebven@ed through an activated carbon bed. Thgbg%[g)%f%?on
- rendered a bright reddish film The weight gain of the wafej3up§ fpeal Most
-4 mg. FIG5 shows SIMS analysis of filmdeposited in Exanpl-e 3 show ng very
low C and F canham. (}ﬁid)@ﬁf(\olstmasfambmc(@ ABsavcin @Y, withirthe eagecht vel y) in
the bulk of the film content is around 1 wt % 30 -26 V\OO% 0976
PCT/ US02/ 412421pnr3xm132mmu15§<a%wa@8 thgpedestabiy 2y .r?wrsaﬁelbsfo fac) cu
(COD) /-G s [ o(EXRREY the & b stdo@ Exanpl e 3,
except that |$¥%ln%ﬂ§%§fgépﬁq%%@%ﬁgﬁgge§xto t e angrgt?oé;gfl Thseatggl ze of the-
TiN(Si) subst rraiched¥2$°C, 27 banof HZ wasmaddihe t&mw’tﬂrfmﬁnﬁ?({ﬂrﬂmmﬁfﬁlﬂ {i@OD) used in
thi s experiment was 0 2%%% . The reaﬁgor was | oaded cé{} ?tl 60C and
124 bar wi th PresSE desp’ 35 COTFRORES e e AFOROUTO EHP A SPEERIEN 1 ocp s
- 0.51 wei-ght %48ﬁhefhte@iﬂ§l€ﬂr@§dié & 10 vdsha waablsanasy keping el viliCatvhi | st t he
‘pedestal was heated for 1/ 2 hours at 225C. The final pressyre in the
vessel was 214embea?mr81%eréb@ﬁébq SAgAt Scleetiteiernyition paioyhe gt grea pepld be
~ non- honbgeneoughighQe mhb kg fisiHhed & 2%@1’6;1qglhauﬂsnAh&Itﬁe&eEmums | ess than .
| ng. XRD of the filmdeposited in exanple 4 is shown in FIG 6A show ng
only weak reféxperimephdhergectaravacatiovesiaceol dowmmtdibe eyt g vesteddbngugh ot o
~ FIG 7 showg, S| M5.fald@ @fboh bé@ﬁﬁ&@ﬁdsﬁtﬁq rédaergd(ﬁfﬂ?ﬁ Bright WphBQdlorddiignow ng
-very hlghOContent in the sanple. C and F contamination of the filmis
“however much 1'518I"mmg%iﬂ@ﬁihd“@felwaﬁbsslthwl% respectively. Exanple 5: Batch
~y Qu deposi tion of REXAIS HAL BRI JdpBGRE AIBLEpIcY. BIMS BFL0YE §é | ane
~conplex - Cu(ll) s( gxa’?%or oacetl;ﬁ %etona pfe( hf ac) OJQ%'ILNS 1/ CO2; ,
wi t-h hydr ogen @it gepgsitedrinexampleSrehevwéd veanlowith Fgdatagiipdion o @eﬂknﬁm barrier
| ayer was. Somtﬁ%@ﬂanc“hs/tre cﬁv%ﬁ fi'fhe g\&rﬂ% O OnfnElRg 88dqdfied in a
convective oven e exper| s conducted using the sane
stai nl ess-sieel high-pressure c_oI d_ wal | reactor used.in

Example 6; Batch Cu_ deposition of Cu(D) hexaﬂuoroacetvlacctonate

vinyltrimeth?lsi]ane complex - Cu(Il} Bis(hexafluoroacetvlacetonate)
[(_hfac)Cu( VTMS)]/ CO; selutions with_out hydrogen

.Example 6 is similar to example 5, with the difference that in this case H; was

20 notadded to the reactor. The size of the TiN(S1) substrate was 2.15 cm x 2.2 cm. 0.10
ml of (hfac)Cu'(VTMS) (0.149 .g) was loaded in the reactor with =40 g of CO; at
60°C up to a final pressure of 124_bar following the pfocedure described in Example - .
5. The concenfration of (hfac)Cu[(VTMS) in CO, was 0.37% weight. The
tempefature_ of the v;falls was kept at 60°C whilst ﬁedestal was heated for 1 1/2 hours
25  at225°C. The ﬁnal pressure in the vessel was 228 bar. The expeﬁmenf i)roduced a
~ very thin non-flomogeneous yellow/green film. Weight gain in this case was less than
1 mg. | ' | '
XRD of the film deposited in example 6 is shown in FIG 6B. Only weak peaks

due to Cu,O apart from those of the Si substrate were observed.
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Exanmples 1 through 4 and a si ni | ar procedure to that described in Exarfpl es
1 and 3 exce fferences in the nethod of loading t or.
( hf ac)QJ(VTI\/BI)%OO%W% liquid-at roomtenperature and vas {%&ﬁfg@ﬁ{i% t he
reactor using 6-port HPLC sanple .valve (Valco, Inc.) with a49ydf 28oesanpl e
~loop (0.149 g). The sanple loop was |oaded with the precursor in a glove

box. In this casegiG.befhews StNMS detF @i Aépoditkdiih IERmmplé Be0x EaCdoffentilifles Wer e
heated at ca. 60C by heatlng cartrld&is whi | e purglgg e reactor.. with N2.

Then CC2 was | TREWES 1§ Meh 1areRiip - b &2 Buratio sipse fyé t wddpeentpRimatonyt 30
60C and 114 bagroy gﬁkﬁltlﬂe%&h%p?éséﬁqééﬁfan%%vt%ﬁ{boﬁm to the reactor by
punpi ng COQ2 at 6 C and 117 'bar through the sanple |oop. The total am)unt
of CO2 .added to the reactor was - 35 g. The concentration of =
(hf ac)Cu ( ; * / .13 J‘UN
- 2006 wei gh?qlvsk ‘ - thin the
reactor for = amiutiors with hydroR®8 i nut es. Afterwards, the pedestal was heat ed

resistively to 22 H;ai gﬁg}g V\hen t he
. tenperature of thg?gtxa%%ﬁglgcac Q%[%lfg}g%ga}oa?‘%ar 0 Eﬁg@‘l’a%s gl o the
reactor from amwlueﬂe andimeﬁuiautewnaarﬁl doied ssamvevettiopovel hTise @pemrempwumls to a H2
to precursor - tio Xi mat e.final pressure in the
vessel was 228° cht %‘fmlge epsiaWS "H@ MFT@ %tpressw?g?‘}%w HE??F@IP&M than the
st age, sel act i Eeantdedshiougné ek the $dne phakdiae eacﬁlmuludEmplmhdhmm‘(zThe st age

S oAt el Al PRl PR A PR A S SRR e

activated car b@smgw&iporifHEL@e@ﬁﬁb tmlom(\/rahﬁ,c[eds)e;dtlﬁamtﬂ il hmpgal"lbopmmaeg) col ored
film The wei was | ess than shows SI M5

f. .
data of 111 obpEResthe Rt Sap e PR vat (e oot MehGEIoYs 1y dapos. t o ©

in exanple 5 snmdha/@ewréoem&h@mle&ae@ﬁmm Wt h@tbdctis aﬁﬂa@mﬁqhtlemeo*cesﬁ than
0.1 and 1 at% respectively) .in the bulk w th an content close to 2.5 wt

9% 15 Exanpffe beatpmearidesy viwisourenedhe @f-ctwlﬂl)NméBbsw C0oPanloadspomes onat e

vinyl trinethylg Re F@é{rﬁh ¢d)in §t‘bh@<§{d|1l¥@B£}aQﬁéthh@ﬁ gnat e)
~[(hfac)Cu(VTI\/IS)1Fh CSC% sol utl%%@éwt)oﬁ}t hydr ogen Exanpl e 6 ?lISI simlar to

- exanpl e 5, wit Brepyier diaf pdsled ictae repeter Drpumming s 6ffE ewdé 17 bar through the
sample loop. The total amount of COZ added to the reactor was =~ 40 g, The

concentration of (hfac)Cul(Z-methyl-_l-h_exene—3~yne) in COZIWaS 0.87 weight %,
20 (hfac)Cu'(Z-methyH~hexene-3-yne) was atlowed to disso—]_v_e in CO; within the
| reactor for approximately 30minutes. Afterwards, the pedestal was heated resistively
to 225°C, while maintaining the walls at 60°C. When the iémperature of the stage
reached 225°C, approximately 17 barrof H, was added to the reactor from a 70 m)
manifold via pressure-drop. This corresponds té a H; to precursor molar ration of ~
25  50. The final pressure in the vessel was 193 bar. By keeping the. walls at a
temperature lower than the stage, selective deposition onto the heated area was
achieved. The stage was held at 225°C for 1 1/2 hours. After the deposition
experimenté, the reactor was allowed to cool down and the effluent was vented
t_hrough'an activated carbon bed. The deposition yielded a thin non-homogeneous
30  copper-colored film. The weight gain of the wafer was ~1.5 mg.
XRD of sample deposited in Example 7 in shown in FIG 10. XRD shows only
peaks corresponding to Cu apart from those of Si. '
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20 not added to the reactor. The size of the TiN(Si) substrate was 2.15 cm
X 2.2cm 0.1 hfac) Cu (VTMS) - (0.149 g) was | oaded i ctor
~with c 40 g o&]%‘%wg 60C up to a final pressure of 124. be{Jr&T#dgﬁﬁg\?\n&ng he
“procedure déscribed in Exanple 5. The concentration of (hfag}GuN(GEES) in
C®2 was 0.37% wei ght. The tenperature of the walls was kept at 60C whi | st
pedestal was heated for ‘1 1/2 hours 25 at 225C. The fi naI pressure in the
vessel was 22 bar1 T e |ment '
yel | ow green f3 i 2 XRD of the
- fil mdeposi. ted;ommo@(@ma,lue}]@rdgsn shown in FIG 6B. Onily weak peaks due to
. Cu20 apart fromthose of. the Si substrate were observed, -28 WD 03/060976
PCT/ US02/ 41242 1Ex0RleF0psimilp tesexnsrigisahns wish (s difirence fhaf im this gassdls¥eed i n

- Exanpl e 6. &yﬁﬁad&@mtﬁe}eau& tm651§@mh@?11\1(§1) ¥1ﬁ)‘§t¥ﬂté aagz?l hﬁ:@z%t@zso ratio
close to 3 to 1. contam nati-on t hroughout- | mrepresent |ess

than 0.1 w %mhofﬂbﬁaﬁce&%-whylsl Ewmrﬁémr) (085 &)hw@homﬂb@sth@ reggforopith ~

‘(hfac) Cul (2- mef en A 1.9 x 2

- cmsilicon subsggééﬁéeozw?téﬁa&p%%%ﬁgl'f{r?\slg@ag)fﬂgrEjllfaaﬂg‘?’ s s%‘%?%gt ed first in
“toluene and t hdescribed acEtaopte 7arTﬂhedoncentrat1nnaf((h£uo pimehydieexerBryex mer i nent

‘was. - conduct ed-psin i nl ess- st eel res | d-wal |
reactor used im i'ﬁa%(éd%%@ﬁm@ﬁfﬂﬁﬁnﬁe ’%‘E ﬁlgs‘g"’éﬂ% g@J&Sﬁﬁg descri bed ‘i n
 Exanpl e 5. 1d hfjnek<a waghed@ithyl /b holieuens-3- mqinalﬁesauﬂehﬂme@e@a Wwa2083 :
tenperature and was | oaded to the reactor . using a 6-port- HPLC sanpl e val ve
“(Val co, Inc) whanhThe esperanspt visldedhi very §umnqrohossgerpus greel/yellgvheplaed s sanpl e

| oop with the W@@g@gaﬁgﬁtmsgaggkﬁqhﬁqtmgn the gl ove box. Before the
precursor - addition, the reactor walls were heated to approximtely 60C by

15 heating cart ridyasf (il denesigidiip Extreple 8 acshevn wi K16 NB. Ol vedopealins

| oaded from a qfaiigbuy SRR B¥LiJRER 9 UHRitt Wl obldMbed) at 60C and 114 bar.

Then. the liquid precursor was added to the reactor by punping CO2 at 60C
and 117 baf®through the sanple |oop. The total amount of CO2 added to the

reactor was ~ 40 0 EheBafepr@,eas o@&lbmf k@8 )

( 2- et hyl - | - hexene-3-yne wer gf
“hexene- 3-yne) hdoggn| owed to di ssol ve in cop W|th|n t he

A 2.1 cm x 1 cm bare silicon substrate was sonicated first in toluene and then in

F solutx ons, with

acyr (Z-nethyl -1

- acetone and dried in a convective oven. No attempt to.remove the native Si0, layer
. éo was made. The expeﬁment was conducted u‘sing‘th'e same stainless-steel high-

pressure cold-wall reactor used in Examples 1 through .8 The test wafer was secured
to-the heated stage. 0.1195 g of (hfac)Cu (2-butyne) was loaded mto the reactor inside -
a globe box and the vessel was sealed and purged w1th N,;. C.Fg was then loaded
inside the rcactor—dlrectly from the high-pressure cylmder {pressure~31 bar at roon

25  temperature). During the filling process, the temperature of the reactor was 22°C.
The reactor was then heated to 60°C using heating cartridges and allowed to
equilibrate. At this temperature, the pressure inside the reactor increased to 45 bar.
The density of C,Fs at these conditions calculated using the Peng-Robinson (PR)
equation of state _(EOS) (Peng and Robinson, Chem. Jnd. Eng. Chem. Fundam., 15,

30 59, 1976) and the critical parameters from Reid et al. (The prp_erties of Gases and
Liguids, McGrawHill, Boston MA, 1987) is 0.35 g.cm™. This value is slightly lower
than that employed in the scCO; ekpen'm.enté (Examples 1 through 8). The amount of
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reactor for. a'pproxi mat el y -30ni nut es. - Af t er war ds, 't he pedestal was, heat_éd
resistively to 225C while maintaining the vvaIIs at 60C. _

t enper at ure of WO A g%gge reached 225C, approxi mately 17 bﬁ\’?ﬁg’lsgzl-ﬁz%s
added to the reactor froma 70 m  ‘manifold via pressure-dropz JUR o6
~corresponds to a H2 to precursor nolar ration of 25 50. The final pressure
in the vessel ®asioh@d e veR¥él ¥RPHOTintaltSy WA, |'ﬁle%bno@ntr§ti%ﬂ’ﬁﬁ(lﬁéc}(fué(21 ower

than the stage, selective deposition onto the heated ared was achi eved.
The stage was trsymg) ’éltczfQB’E?QG}WTglltf/z (hlatiCy (2-htyrs) wenallogeg sadissobyR in
experinents thatcdy $ARuEO WMheANfe pdiRstAl s HaMa was
vent ed througﬁ%aaﬁgi%?ﬁrg k’g&gﬁ geg’ Theudeposel tl%l?] y? elded a thin .
. non- horrogeneoussﬁﬂreb,dpriéi%‘cwhmnadinfammgtha'wwsvaeﬁ@fﬁl Vhanthotempéraugafer was ~

1.5 ny. XRDof ed in.EX 7.4 n _shown 0. XRD shows -
~only peaks® cofP Fé%georﬁa‘fq’ﬁ‘ggfg Ed?”ta“ﬁﬁﬁt‘g??b Qtf#égvé’s Bde%mtge?@gbﬁ%%? 060976
PCT/ US02/ 4124279 é%&ﬂ%l@ﬁ@@r@%ﬁ Bhiis BifeGibnitodaDAs picb@bor@holar ration
(hfac)Cu (2-nmet hyl -1 - hexene-3-y CO2 sol utions wthout hydrogen Exanple

8 is simlar t® 8%k r?%ﬁf@‘?es%%‘ﬁth?ﬁéssﬁflwaFg? e &Yiering the pafisataase H2 was
5 not added tOteﬁ‘rlﬂ@rafu?@ﬁ{v&rman-rt'ﬂgstﬁgezﬁe]&ﬁvé 08osTHN Bk ths HRSd daoti@Be 2. 1 €M X
2.2.cm 0.25'nm ofﬁj(hfac ) Cu' ( %/I-I-hexene 3-y ﬁé% é}g 350. g) was | oaded
in the react oradfjey @@S&g@fvawte&ta B {p 11L& hours, dier Pedsrasit®®of 117 bar
fol | owi ng the a{pgﬁﬁgug She (506 WaB Sffovidd tmm\ﬁl Znd FOCENGARGRD &Rt On Oof
(hfac) Cu (2-nethyl-I-hexene-3-yne) in was 0.90% wei ght. The -

t enper at ur e “of thrdwgh mmtyaﬂ%gark@meda?heﬁ@@sww redered 2 bEgSPRRer-fRlgeheat ed f or

1 1/2 hours at %ZSﬁ.lngght h1ﬂ%hh9'§;s%§e§Waé?lekﬂh&rhﬁn‘ge%d was 183 bar. . The.
experiment yi ef ed very "t hi n non-honogenous-green/yel | ow colored fil ns.

Wi ght gain in thSanpdawas idemificetion as faky K-iay DifResion( - FIG M4&99si ted in
Exanple 8 is S&%\eﬁ% &fﬂcﬁoﬁ B mysa»@@%eﬂﬁﬁésﬁnﬂ 51%@ RRivieN 0 peRs frud Y OM

t hose of the Si trate re observ Exanpl e Bat ch deposi tion
“of (hfac) Cus(2tfetandd}i7 1 C2F6 solutions with hydrogen A 2.1 cmx 1 cm
bare silicon substrate was sonicated first in toluene and then in

Example 10: Batch Cu deposition of (hfac)Cu'(2-butyne)s / C;F¢ solutions without

Hydrogen at 225°C

Example 10 is smnlar to Example 9, with the difference that in this case H; was
20 ot added to the reactor. The size of the Si substrate was 2.0 cm x 2.0 cm. 0.1622 g of
(hfac)Cu'(2-butyne) was loaded in the reactor into the reactor inside a giobe box and .
the vessel was sealed and purged with N;. In this example,r C,F; was loaded to the
_ reactor via pressure drop from a 30 ml manifold in two successive :loads. The amount
of CzF(, loaded was determined froﬁ the mass difference of the manifold afier each’

25  transfer and was approximately 44 g. The reactor walls were then heated at 60°C
using heating cartridges and the pressure inside the reactor increased to 52 bar. The
densify of C;Fg at 60°C and 52 bar calculated using the PR EOS (Pené and Robinson,

- - Chem. Ind. Eng. Chem. Fundam., 15, 59, 1976) and the critical parameters from Reld
- et al. (The Properties of Gases and Liquids, McGrawHill, Boston MA, 1987) is 0. 45 |
30 - g/cc. Under these conditions, the C,Fs loading den51ty is very close to the COz

loading density used in Examples 1 through 8 (density of CO; 60°C and 117 and 124
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acetone and dried in a convective oven. No attenpt to renove the nati ve
Si2 layer 20wyasedi®ge: The experinent was conducted usin i{ﬁﬁ
.stainless-steel high pressure cold-wall reactor used in Exag@;llp(]”;’lll)";S r ough
8. The test wafer was secured tothe heated stage. 0.1195 g. @éJUN 2006

. (hfac)Cu' (2-butyne) was | oaded into the reactor inside -a globe box and.

_ the vessel wasbmealdd3 ani.pasrgged’, wshéetiRy ﬁ@&HﬂSMsde”cﬁﬁcdnaaﬁiﬁfbf i nside the
reactor direct Q e hi e ressure ~ 31 bar at room
25 t enper at ur e@la Eﬁ@h’é‘ ﬁ)é“?%’-kifﬁl"ﬁﬁé%g éé"is) q&??i rﬂ’)‘@?l W8t e r eact or
was 22C.° The disswbicos CyRsvithhare Raaseor dpprdk@fatds 30 ilaat ihen, @R geatsiges and -
-allowed to equilibrate, At this tenperature, the pressure inside the

reactor increa¥eghepisd msistivgly to 235°C, abHe meiptang thewaliy at 60765 Thedwat t i ons:

cal cul'at ed wsi Peng and
- Robi nson, Chyemﬂgssgltésn @%Q%Sgh%%%}ndg%ep ﬁ%ﬂ{@hgmé%@% nﬁ@ﬁegcrl tical
par anet ers f r offtf Regsl S@ftctla@ depTieorrymépibie hidel ¢ vGasdgevandThe fagedeas
MG awHi ||, Bog ° ) htly | ower
" than that errpl oé;% apgr?st(%g&é c1 & u%x %‘gtre?ﬂlrrg&%‘gm @L@pﬁﬁaﬂg tﬂf%rre?)‘!ﬁ‘]’rﬁ" The
“anount of --30 M\bﬂ@@ﬁ@@@gdtﬁvrl:aﬁﬁ mdwmiemmmmﬂmw Bﬁ)ﬁkﬁwﬁaﬂiearbmahtﬂd in the

vessel was ap he conc atlon of (ht 2- ‘butyne) in
"C2F6 was. 0. 40%\/\12%(!9 ‘tb}’“xf‘ﬁ‘%%meg)aég‘k%é"%"'f ;%‘ﬁ‘esg‘ h"m"lgF‘b&%dﬁF%% (“Eéﬁ}\?e in
. C2F6 insideot hame%thafe:fwaslmphaommgel y 30 minutes. Then, the pedestal :

tis peated et Sttt 8480l S, DRGRLALELR, B MRk Y e,

added to the rdificicton fatterm o the Z8mpik degsitédih cmxampie po ﬁﬁ}WgGﬂtéh@Q)eaﬁEmus

oressur e in 1 e gredaRabiedsnE 5 LAb) A aBhsipmbivie S denifier ar i o

| ower than theAshagdr ot €a{i1VEpeR pORD kisars lﬁ)d}tc@rré snd8ah aftipERaugmul d be
achi eved. The stage was Eeat ed at 225C for 1 1/2 hours. After the

deposi ti on™o HESEVSHENES, the reactor was all oned to cool down and the

. effluent was vented through an activated carbon bed. The deposition
‘rendered a bright coper-col ored, film The wei. ght al n of t he  waf er was
~less than | 2siath: LR ricpesition.of(hfar)Cyg2-by ﬂ*— asplutions whout on (XRD) .
FIG 11 A shomgxdrggﬁ a}(m gi ffraction pattern of the sarrpl e deposited in

Exarrpl e 9 showng peaks due 15 to Cu and Si.
_Example 11 is 51milar to Example 10, conducted without adding H; into the

20 reactor but at a shghtly higher reaction temperature. The size of the Si substrate was
2.1 cmx 1.0 em. 0.0903 g of (hf_ac)Cu'(Z-butyne) was loaded in the reactor into the
reactor ineide a globe box and the vessel was sealed and pufged with N, C;F¢ was
then loaded inside the reactor directly from the high-pressure cylinder (pressure =31

" bar at room 'tempe_rafure). During the filling 'precess, the temperature of the reactor -

25  was 22°C. The reactor was then heated to 60°C using heating cartridges end allowed
to equilibrate. At this temperature, the pressure inside the reactor was 43 bar. The
density of C2F5 at these condiﬁons calculated using the PR EOS (Peng and Robinson,
Chem. Ind. Eng. Chem. Fundam;, 15, 59, 1976) and the cnitical parameters from Reid
et al. (The Properties of Gases and Lig nids, McGrawHill, Boston MA, 1987) 15 0.35

30  gom™. This value is slightly lower thian that employed in the scCO; experiments
(Examples 1 through 8). The amount of C,F; loaded in the vessel was approximately

29 g. The concentration of (hfac)Cu'(2-butyne) in C,F; was 0.31 weight %.
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Exanpl e 10: Batch Cu deposition of (hfac)Cu (2-butyneh /- C F6 sol uti ons
W t hout Hydr 9‘{9 25CExarrpIe 10 is simlar to Exarrple@,{ %}

di fference that Mi's case H2 was 20 not added to the reh¢td e SI ze
of the Si substrate was 2.0 cmx 2.0 cm 0.1622 g of (hfac)%u(,ﬁ%yne)
“was loaded in the reactor into the reactor inside a globe box and-

vessel was seghJCabRiHpRek MotBd MlissbRe ICF¢ emrmteeeac@alﬁ& was Ioaded to
the reactor via pressure drop froma 30 m. . manifold in two successive :

| oads. The anBEReximglelyCPrunyten Jan.tbepedesta vies hretpdresistivelnat 23%s Wile f er ence
of t.he manifo yg44 9. The
reactor wall s%\%ér?{elﬁl'? th% %‘%8 O@al‘?fg ‘é‘gp?{%&éﬁ%‘dg s and the .
pressure insi dteeptrtﬁhasealdsta@atmmemambdretthaISﬁhelstage, seldedvadepediion anfo til2F6 -at 60C

e ronam neer e R e i RS Tk 17 B ARy "ot SO
(The Propert i dspiftiofcagesimams] thd xewt«ﬁl-&vaslh{n&:rmmbtlcd:dt dowdp&idale éffluent @8s) i s 0. 45
30 g/cc. Under th ndi t.ions, the ( 6 oadi.n it s,.very close to
the O |oad|"ﬁ‘§}e‘§‘§ﬁ’é'$€ frlixge W‘B@ﬁ&zg@e eppsify 5‘%‘ s a‘éﬁ!‘ Ity of co2 60C
and 117 and 12dwnddrade i/ @M&@nt%@ﬂdﬂﬂ%ﬁ&%legé@aﬂumn@% bars is 0.413
-and- 0. 465 g.cm 3 resfpectl vely from N ST The concentratl on, of

(hf ac) Cu'-( 2- but yF&P eiExeppls Liasshown in KIS Uit Aert fomdhs $ peals. %/ﬁ"r’é)“’vvas

al  owed t oy dlb%&@ﬂﬁxdlcmz@ﬁﬁﬁ,eélwér@bﬁﬂ&hﬂnﬁﬁs’ﬂcmhpﬁﬁ%n mﬁmumabel y 30
m nutes. Then,_the pedest al heated resistively to 225C while

i nt ai ni ng t F¥emakeig r‘a’teafﬁfb‘@at ﬁf‘l"t‘étePF’Wa?fthep(F‘é@ﬁ?ké in} the {RD PLhetioias 90 bar

By keepi ng t hgndVihdusic HC180 {EIND Sinl14 fiRreh @UBEmENAwith BB oStidBRmp&RLRST i Ve
deposition onto the heated area was achieved. The stage was heat ed at 225C

for 1 1/2 hoursstrong peak-at PR ~ddpoipgastsihentprendernd At orepsing aneaiat offCunis |

all owed to cool -down and the effluent was vented through an activated
carbon bed. The dep03|t|on rendered a dark -brown-reddi sh non-honbgeneous
“film The Wei dhxampled2gBi et bﬁHhMU‘(MﬂWﬂX@MAﬂg&M| | m was
anal yzed usi ng ?\5 Eg}y D|ffract|on (XRD). FIG 1 IB shows the XRD
diffraction p of the sanpl'e deposited in Exanple 10 show ng intense
" peaks due to Culdhcwmedkenr Bfré gli¢ancmbstaieey s cor@aRd f(rﬂ@ti)yolt@ndar(détbﬂl)mSi peaks

were al so ide ntcétgr!teeagld dne @Q%ﬁg\%%ﬂveogveh hﬁo Qfengp][ }g‘)emggeatlﬁe %Euv%%loz layer S | -@y

correspond to an i1 ncipien
was made. The experiment was conducted using the same stainless-steel high-

20 pressure cold-wall reactor used in Examples 1 through 11. The test wafer was secured
| to the heated stage. 0.0982 g of (hfac)Cu'(2-butyne) was loaded into the reactor inside
a globe box and the vessel was sealed and purged with N, CFgH was then loaded
inside the reactor via pressure drop frorn a 30 m} manifold in two successive loads.

The amount of CF;H loaded was determined frctm the weigh difference of the. ”

25 manifold after each load and was ~43 g. The reactor walls were then heated at 60 °C
by heating cartriges and the pressure inside the reactor increased up t0 83 bar. The
density of CF5H at 60°C and 83 bar calculated using the PR EOS (Peng and
Robinson, Chem. Ind. Eng. Chem. Fundam., 15, 59, 1976) and the critical parameters
from Reid et al. (The Propetties of Gases and Liquids, McGrawHill, Boston MA,

30 1987)is 0.40 g/cc. Under these conditions, thé CF,H loading density is slightly lower

than the CO; loading density used in Examples 1 through 8 (density of CO, 60°C and
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15 phase. (reference). Exanpl e 11 Batch Cu dep05| tion of

.(hf ac)Cu (2- byloviRid7d C F6 sol utions without Hydrogen at p@{y@@zﬁg(zaﬂpl e 11
~is simlar to Exanple 10, conducted w thout adding H2 into the 20 reactor
but at a slightly. higher reaction tenperature. The size of tkp § ﬁ&strate
was 2.1 cmx 1.0 cm 0.0903 g of (hfac)Cu' (2- butyne) was | oaded i'nthe ‘
reactor into thEandridbtmsis 0.418ia0d0.46 k.o, osprctively [ENG Leewwal M@ds seal ed and

e or ossur S PSRRIt BIGR VRS RGeSl AR SRet Y o e

fillling proceghemishe WebBpsk; msxrswafardmeremmambaszmwmr@@ds Pie reactor was

- then heated tg, 60C usi ting.c oeqwllbrate At
‘this tenper at tinstropgad W@B@ﬁlﬂ@ ?‘ﬂ%%‘g #ﬁtgo ‘5@@#‘5 é\%@“‘%‘? 55§ | The density -
of C2F6 at 4t h@{%ﬁm%@ﬁlGdntﬁ@%uﬁ@MDUh@E%dhﬁfﬁﬂMb&&@nR@oﬁqs fReng and Robi nson,
Chem . I nd. Eng. Chem Fundam

‘ l; paraneters
- fromReid et Calllceﬂq'ﬁ@npf@ﬁ%?qq @ﬁ’uﬁwebagﬁ%ﬂ%@? &’Eﬂ «3&”@ PI |, Boston

MA, 1987) IS Qyu3ReyiPasQlI6Wed3o dibtive M@ ﬂﬁﬁﬁér@:ﬁ&d YorlaWokinideay3s hat
enpl oyed in thg{%@cmZ exper?rrlents ! (E}:13<'§1 ) gs 1 rc%’:ﬁﬁﬁ@' ‘The ampunt of
° €

' C2F6 | oaded ‘i mnitiptes. vids.dhe medestad pps b@ﬁaitqqlaﬁseﬂhyelyzg-?% prirg b Wellson of -
(hfac)Cu' (2-b 6 _was. 9
"~ PCT/ US02/ 31242'15 X@’? }bﬁlﬁ%(%ﬂssu(%nacﬁ&g\?yggt%gﬁﬁre)% ?ﬁ{ @gt o dissolve in
- C2F6 wi t'hi . thanp@aﬁxfewwefrmanamptagx,lsn‘mttmeweﬁﬁmmmuuoelse hedted mybsirite wpedest al '
was heated resistive nin 60C The
‘final pressur é“’ ‘ﬁvetdhb-}l’f’/%g%ee"fasﬁg%e 22%55@‘] ‘BWZIPS“'% %Herttﬁﬂé%flﬁén -
tenper at ure | eypérihdnbNthe hacs wgeallosed &ndobllch)“dmndmeteﬁbmnmmmhé 5 heat ed
area was achi eved.. The stage wa ted at.2 fter the
deposi tion exﬁWﬁ%‘?ﬂ?twett%eCa?b%E?‘geﬁWégp%ﬁt erteg a@?ﬁﬂer' lcc)'?/m%a‘c?l&ht he
ef fl uent was dég{&ﬂﬁntﬂagé)ﬂgi@pﬂ;ﬂummuﬁﬂﬁﬁd carbon bed. The dep05| tion
renderedathlnll ht %-g‘be‘{]%%fllm Th Weﬁﬁét %)au? thelvvafer was
" less than ¥1 ngF R‘I%SB‘PW & cficp RA{GRET 15 ST ggpasite ABEE Y om the S
- peaks, peaks die . Thk@nal r@&%ﬂ@nﬁ%hs@ﬂéhk@d@@to@me& \WEsheule& it t@ A3denhiy i ed.
~ Conparison with FIG 11 Exanpl e 10 revealed that the intensity of the

- Cu20 peaks in qorr@smmbt%ﬂmdnqm@#&mﬁ?ah%?he amount of Cu20 in the sanple
. increased sonmewhat with deposi tion tenperature.

- Example 13: Batch Cu dgposition'of l'(hfacﬁCuVZ-butvne)/COi solutions with ethanol

. 2;0 ~ A0.9cmx 1.9 cm silicon substrate with a 300 A TiN barrier layer was sonicated
first in toluene and then in acetone and dried in a convective oven. The experiment
was conducted usmg the same stainless-steel hi gh—pressure cold—wall reactor used in
Examples 1 through 12 and a similar procedure to that described in Examples 2 but
adding EtOH to the reactor. 0.1965 g of (hfac)Cu'(2-butyne) was loaded into the

25  reactor in the g]dve box and the vessel was sealed and purged with N». ‘Then, the
reactor walls were heated ét 60°C by heating cartriges apd CO, was loaded from a
‘high-pressure syringe pump (ISCO, Inc.) at 60°C and 110 bar with ~ 27 g of CO;
(hfac)Cul(Z-butyne) was allowed to dissolve in CO; inside the reactor for around 30-
45 minutes. Then 2 ml of EtOH were loaded to the reactor using 6-port HPLC sample

30 valve (Valco, Inc.) with a 2 ml sample loop (1.58 g). EtOH was then added to the
reactor by pumping CO, at 60°C and 117 bar through the lsample loop. The total

amount of CO; added to the reactor was ~ 32 g. The concentration of (hfac)Cu'(2-
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A strong peak -at20 X44.5 suggests the presence of an increasing anount of
‘Cu3Si . 15 ExanploasédyreBat ch Cu deposition of f (hfac)Cu (2-deutvseghhsCF3H
solutions without hydrogen A2.2 cmx 1 cmbare silicon substrate was
sonicated first in toluene and then in acetonée and dried:inqg oRBeReti ve
~oven. No atten‘gt to renove the native Si02 layer . was made.- The experinment
was conduct ed buliyRey in Haz wasfe? 1syaight Ve sEhesprosntrabipy bf BOHIn &6k wae col d- wal |

reactor used i pofxamlies shudil ONSE EldH f @5l : to the-
heat ed stage. 890982 g?of : (%fé’cﬁ%%‘%- gﬁ@g?\i %\%%ﬁ%lg‘gaég%%?ﬁtg%&{vﬁl atr eact or
i nsi e a gl ob@21Cxwhitecketing the 98k ai WaC. SBelfinal prosslrinrteckswl tvhs NRB.baCF3H was-

t hen | oaded ingside:t reactor via pressure .drop froma 30 nt manifold in
tWwo successive gﬁ%’éﬁgqﬁefﬁﬁgﬁhﬁ{?wﬂﬁ Pedﬁ@'ﬂ tpﬁég%ﬁfwgﬂ'é‘fe AGSHI®E °PMPom t he
wei gh di f f ep enee hof arédeudbe metitvicd| Thehtipe waehdatedhomd @ad 1WeShoursd Af@r The
" reactor -walls gjere then heated at 60 C by heating cartri ges and the -
pressure i nsi dBeRROSIEN SXRSAMERIE thereactprps pllpwed thepo! domangdhegfiivenbwvascra at
60C and 83 bar venddanilongta Ad6vata chiben BEI. BES défoeiten RAgkrePGIpR&Mloréhem. | nd.
Eng. Chem Fundam_, 155, 59 19_76imsand the critical paraneters from Reid
et al. (The Pr&peme s daperihiande fims depegited ysinaNdarAGPIshowssRP oS film, 30
1987) is 0.40 aéﬁésitedkingﬁrcn(%@?ﬁ%eaﬂmstié R0Gs iftbiRe paRE A8 g gensi ty is
slightly |l ower than the | oadi ng density used in Exanples 1 through 8
(densi ty oft® condpeinetha th@édw‘efaﬁt%mn pEepsd/dpaddatipg dytig 2006 117
and 124 bars i gefsiids and 0.465 g.cm 3, respectively [EW Lemmon, MO
‘McLi nden and D. G Friend "Thernophysical Properties of Fluid Systens" in
NI ST Chem stry WbBook, N ST Standard Reference Database Nunber 69, Eds.
P.J. Linstromand WG Mallard, d Iyﬁﬂf | Institute of Standards
and Technol ogy, Gaithersburg NDé%%%%g%rﬂtp I?f‘v\gbbo_ok. rist.gov).] ). The
concentration of (Ht#&andussteod thaitxhile yhei invenfi@thaphesn@leaibedinghnjusetiot hf ac) Cu
- (2- butyne).was; ' |5 e NS 1 he . ‘ F '
Cppr oxi oy SR edetled RaipRaPRal DB RARIIE hRAKIR ihike
225C, whi | e keenst moglimi dhogapner! thytappdded dthimsf i nal pressure in the vessel was
~-138 bar. By keepin e I ' t - y - st age, _
" sel ective depositi %ﬁ%}ﬁ%{%@{tgh@vﬁga %(fﬂgl;]ﬁ)g{??{gfoéyé\rggﬁgﬁh? Eééégg?ft#ﬁe st age was
heat ed at 225Cfdllowing clais.hours. After ‘the deposition
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experinments, the reactor was allowed to cool down and the effluent was
vented through an activated carbon bed. The deposition rendered a
copper-like filmslightly darker than those films produced with H2. 15 FIG
12 shows the XRD diffraction pattern of the sanple depositedhyuRaigy €

12. The anal ysis reveals intense peaks due to Cu and Si. A shoulder at 20
=36.5 may correspond to an incipient Cu20 phase. Exanple 13: Batch Cu
deposition of [(hfac)Cu (2-butyne)/CO solutions with ethanol 20 A 0.9 cm
x 1.9 irgh | ite with a 300 A TiN barrier |ayer was sonicated
first W&#Lﬁﬁg‘gﬁ@ﬁ%@n in acetone and dried in a convective oven. The
experinment was conducted using the sane stainless-steel high-pressure
cold-wall reactor used,in Exanmples | through 12 and a simlar procedure to
that déscri Bggethpd é%\cglgOzn%mnaﬂa@af%&m%qm@iel’eq%é%%i@}t@aeuri@ssf g of
(hfac) %usﬁ@g%mgp&dﬁ;@g@g into the 25 reactor in the glove box and the
vessel was seal ed and purged with N2. Then, the reactor walls were heated
at 60C by héscleniingapreeirsuof thedlepait metsridl and e dolverswhereihitigprecuess ur e

syring . I ..60C and O bar with ~ 27 of CO2 (hfac)Cu
(2 bt bRy s ifercoRlin i s S iRt e el ol periising 3o-
45 m ndlués. Then 2 m of EtOH were |loaded to the reactor using 6-port HPLC
sanple 30 valve (Valgo, Inc.).with 2 m sanple logp (1.58 g). EtOH was

t hen added Pg&'ﬁﬁ’g"m& &Wmepl%%%isalgew form EpmpersHtical oynesEsURCKERIGHh t he
sanpl e shw@bn; ahdte total anmount of CO2 added to the reactor was ~ 32 g. The
concentratign of.(hfac)Cu(2 -34 WD 03/060976 PCT/US02/41242 13 JUN 2006
butyne) in @oExppsngthy subgispigite thesolntien uedee eonditims ehwhitch Bte@redursoCO2 was

7o ot g gibosigl wifl o it bt AR biiftal A RBHER Rhoil R o ECcur 1 1

t he vedemlingwhs ldy@Bofihe matcipl dethpisurdack lo€ theahbsras, a t enperature | ower than
the stage, selective deposition.onto 5 the hot a.coul d be achieved. The
Stage vas, hETPE U TSEE s gt fpisht pereat o Enaadsera

experinments, the reactor was allowed to cool down and the effluent was
vented through an activated carbon bed. The deposition rendered a
copper-colored filmthat was darker than the filns deposited using H2. FIG

13 shows XRpno Ble{ﬂog '@glclqgﬁ PS¥h&nithk FréiciRy hehRally iEsoRfAits Yy Wiferfveal s intense

peaks due to Cu an

disproportionation.

3. The method of claim 1, wherein the temperature of the substrate is maintained at more
than 150°C.

4. The method of claim 1, wherein the solvent has a reduced temperature between 0.8 and
2.0.

5. B The method of claim 1, wherein the solvent has a density of at least 0.1 glem’,

6. The method of claim 1, wherein the solvent has a density of at least one third of its
critical density.

7. The method of claim 1; wherein the solvent has a critical temperaturé of less than 150°C.
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10 indicating that the addition of EtOH effectively suppressed Cu oxidation
during deposition. OTHER EMBODI MENTS It is understood that while the

i nventi on has been described in conjunction 15. with the detail ed
description thereof, the foregoing description is intended tq3ijnisdogeat €
and not limt the scope of the appended clains. Oher aspects, advantages,
and nodifications are wwthin the scope of the followng clains. 13 JUN
2006 WHAT | S CLAINED IS: 1. A nethod for reducing contam nation of a |ayer

comr 1 & ng: 5 SEERE ERRE. B RTG SimeSad) B v PR SERRES sol vent.

wherelmbWhﬁabmeenMSor thermal |y di ssociates under conditions at which the
solvent is a supercritical or near-supercritical fluid; ii) dissolving the
precursor into the solvent to forma supercritical or near-supercritical

sol uti on; ande iethod % BASH NwhéiEin HDREANIS b ircldlr SPUIRY] on under - condi ti ons

at which the precursor thernmally dissociates I nt ai ni ng
supercritical or near-supercritical conditions, thereby form ng the | ayer

of the gate I f ubstrate wherein the | ayer
conprlses a?h eagpdggaaﬁHsag&%ggkg% %ﬁilﬁ%@mdep05|ted material. 2. The '

nmet hod of cIa|n11 wherein the precursor thermally dissociates by thernal

di sproporti atl thod of claim erein the t npe ature of
t he suﬁit ra i9 ﬁfléinﬁ oV re}Po‘foé‘tmlﬂ%s éb@gg]@ inefyde 3pR 6 e@riglm 1,
wherein the solvent has a reduced tenperature between 0.8 and 2.0. 5. The
met hod of claim 1, wherein the solvent has a density of at least 0.1 g/cnB.
6. The lAet hdhe Brthodaf gl 1yfyethercomprising pravéding heesctionderasht fraiokduges | east one

third Qf)ntbﬁ‘lﬁ'latl&li b€ ﬂlatéiiﬁpt%} #eXTtmg rﬂi{:\&?@%@éﬂt %ﬁm@tﬁe mMA8LG Y kg Sol vent

has a critical terrperat ure
reaction product that is soluble in the solvent.

13. The method of claim 12, wherein the reaction reagent is a reducing agent.
14.  The method of claim 12, wherein the reducing agent comprises hydrogen.

15.  The method of claim 12, wherein the material is copper and the reaction reagent reduces

the amount of copper oxide formed on the surface of the substrate.
16.  The method of claim 1, wherein the precursor comprises an organo-metallic complex.

17.  The method of claim 16, wherein the organo-metallic complex comprises a Cu()

complex or a Cu(Il) complex.
18.  The method of claim 1, wherein the precursor cbfnprises\a ligand, and upon dissociation - .
of the precursor the ligand provides a reaction reagent to the solution that reduces contamination -

of the material deposited on the surface of the substrate.

19.  The method of claim 18, wherein the reaction reagent reduces oxidation of the material

deposited on the surface of the substrate.
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13 JUN 2006 8. The method of claim1l, wherein the |ayer conprises at |east
98 wei ght percent of the deposited material. 9. The nethod of claiml1,
wherein the material is a netal or an alloy. 10. The method of claim?9,
wherein the netal is copper. 11. The nmethod of claim9, whergsQun 2006
contam nants of the layer include an oxide of the netal. 12. The nethod of
claim1, further conprising providing a reaction reagent that reduces
contam nation of the material by reacting with a contam nant to formthe
material or to forma reaction product that is soluble in the solvent. 13.
The met hod of claim 12, wherein the reaction reagent is a reduci ng agent.
14. The2(ret Abdnethodloficlain 2, whdreihehdsubligate Bdunitagedgdtrate onpri ses hydr ogen.
15. The method of claim 12, wherein the material is copper and the reaction
reagent reduces the anount of copper oxide formed on the surface of the
substrate. Womethbeforebmasl ffayel &l dthdteri &itBd b6 aRLSSI0F A 5ulsBIR! €S an
organo-netal lic conplex. 17. The nmethod of claim 16, wherein the

or gano B&tRod qomprisiggp| ex conprises a Cu(l) conplex or a Cu(ll) conplex. 18.
The net hod ¢f i I el - _r [ ises a ligand nd upon
di ssoci at i o?? Se%% {ﬁ% eﬂrg%lﬁ%roggﬂr% ‘@%gmﬁuag‘gﬁé‘ﬁ g‘rf‘nct)’vc‘?%%ésma GIEEC Slogﬁlef’%%@ent to

t he soldissoaates drsler condiiivas atowlitlatiiesalvenirs a aipetditicitai atdraupaepisi fleid; on t he
surface of t.@@ésgbst at e. 19.P_Eh&ﬁget hod ?f claim 18, wherein the reaction
reagent red{eSESVYPELIEPIFUGPT I Mg splFatde lormapreatica AT pE SRFIHEE of t he
subst r abtiod7 13 JUN 2006 20. The nethod of claim11, wherein the substrate
is a patterned substrate. 21. A nethod for formng a |ayer of a material
deposi t ed ofPEXBosing the substspte fo thgisalution under penditinss Bbwhish thermredursgr | )

sel ect ifGmAIPEROHaRR an@the M BeMR EG s 3h tﬂ@%lﬁs\i& Ctﬁg %‘.ﬂygtrgi’@ Sk @alﬂgﬁr&{f% ecursor

thermal |y dissociates under conditions a sol'ven
super csipdrergicaloor nesrasupsgpitieat conditdes; 4ddui d;  ii) di ssol ving the precursor
sol ution;

into the sol . forma supercritical or, near-supercritical
iii) exposi k‘é%@%‘éégd A0 ol Tt e sl oY bR SIS TERIAN F36HE TSURhi ch ¢ he
pr ecur soitamiradonred thy mdtesiabci at es and the material forns on the surface of
the substrate whil e nmaintaining

22.  The method of claim 21, wherein the precursor is a Cu(I) complex.

23.  The method of claim 21, wherein the reaction reagent is a reducing agent.

24.  The method of claim 21, wherein the reaction reagent reduces contamination of the

material by reducing an oxide of the material to form the material.
25, The method of claim 21, wherein the deposited material is a metal.

26.  The method of claim 25, wherein the reaction reagent reduces contamination by reducing

: okidation of the metal
27.- The method of claim 21, wherein the solvent comprises CO».

28. .. The method of claim 21, wherein the solvent comprises a reducing agent.

38




supercritical or near-supercritical conditions; and iv) mxing a reaction
reagent into the solution, wherein the reaction reagent reduces
contam nation of the material. 22. The nethod of claim 21, wherein the
precursor is a Cu(l) conplex. 23. The nethod of claim 21, whesgun 2008
reaction reagent is a reducing agent. 24. The nethod of claim 21, wherein
the reaction reagent reduces contamnation of the material by reducing an
oxide of the material to formthe material. 25. The nmethod of claim 21,
wher ei n,¢ he d j rial i netal. 26. .The nethod of claim 25,
wher ei n2§t' he Arlglgﬂc{t8 Jli goﬁq?lgg}glgﬁ? ia}lrte ru%@%ﬂcc?gh{hgﬁeﬁg’tdiCSWPB?P%Uuci ng oxidation of
the nmetal 27) dissobrimged prechirsdr of baiarrizl intovd sslednd td foem SGLy@Biticabsenses CO2.
28. The net hod gépclain121, wherein the sol vent conprises a reduci ng agent.
38 13 fEB?E%kﬁ? MO/ et hod for forming an integrated circuit, the method
conpri si ng: i) kxpbismg @l svibdihtcPto FRESOMItRAMNAEr BndBEAY dt %hidh%@pﬁaﬁ'%r‘{ﬁé?ﬁaaﬂf form
a supercritical_ or near- supercritical solution; ii) exposing a substrate
t o t he dspeintehhilgaintaining sunersmisicaltor wearshpertrtiqal eandrtions, théreryndepbsiting
di ssoci [ [ i ni critical or near-supercritical
conditﬁ@%@@mﬁﬁékgbgg @%%??%?%51&%%%’%3{erial onto the surface of the
substrate; amdrodesjingthecelstiategr iiaterial) s bothl © codatdtht aitégited Gifcuitot h, to
create the integrated circuit. 30. The nethod of claim 29, wherein the
material is a nmetal or an alloy. 31. The nmethod of claim29, further
conpri s3mg [heWetiodm s 3lairf Y, kvbBrelieBd fdterfali@ta nidsl 4 @8 allgyoNt ami nation of the
material on the surface of the substrate. 32. The nethod of claim 31,
wherein the reaction reagent reduces oxidation of the material. 33. An
i ntegrated g bt af Ll . e coated
W th st s stlod RCREA T Al S g il By ion fraghe BHPRUAL
contamination of the material on the surface of the substrate.

32.  The method of claim 31, wherein the reaction reagent reduces oxidation of the material.
33.  Anintegrated circuit formed by the method of claim 29.

34. A substrate coated with a film deposited by the method of claim 1.
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