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WD 2005/ 013331 PCT/ US2004/ 024326 SUPERCRI Tl CAL
FLU D- ASSI STED DEPCSI TI ON OF MATERI ALS ON

WGENSGORBUCTOR SUBSTRATES CROSS- REFERENCE TO REL/BI16D4/024326
APPLI CATION 5 [0001] This is a continuation-in-part of
U.S. patent application no. 10/303, 479 filed Novenber

25, 2002, which in turn clains the om
pr SHPERGRITICATREUHASSESRED, PEA’QSIE ﬂ‘%@ ON

December 31, 200@&&:6@@61@@9@&1@5« [00021 The
present invention relates generally to using
supercritical fluids to effect the deposition 10 of
naterials on substrates, e.g., sem conductor

substr Abﬁi%m%ﬂﬂg %ﬁkthgaf&nfen1conductor

SASa T ot SOt oluuulures DESCRI PTI ON
OF THE RELATED ART [00 he. fi.e
[QOORL This i ASORFURHOR T 8?1]@] azgen&l %(:E)Bgﬁtl?n %/%03 479 filed Noyember 25,

2002, SA@ith @onhutding the pidysy ofdf. &@ro\asmalmateetchpglwaudgwoa60/345 738 filed

ar i.et t echni ques, including chem cal vapor
ﬁc/fg rr(%’éaf%lll %Jrﬁ)l( CVD), 15 physical vapor deposition (PVD)

and el ectroplating (for nmetallization and interconnect

]ﬁﬁ;ﬁqﬁipﬁﬁbeﬁﬁ@ﬂiNCbnventional CVD processes require
atie precursors for the formation of

r.ecur oﬁld it
[(m%b e prewept inyeatiqupreipeyRsPeally 19 Bine P Fribfa! C4Nds {?aﬁﬁ%‘it ¢ deposition
R Q)Eh%‘ﬁbl& 0@ Nbuksshaed) erg,, sélaveuetor sitRfijess et amhufagye of egniconductor

ren &her ther é% st abl e enough, nor volatile
W&ﬁﬁﬁi‘Wﬁ?p@ﬁﬁﬂ“ Svapori zation, delivery and

deposition. As a consequence, CVD processes for film
iptr{ deH REATED APted by the 20 avaiIaMIity
Stabl'e precursors as_source reagent
[P&3h3] tR\ipld gf $e|1mcgpchlgtobméq11§ch1§gg glggomgﬁla ogngﬁmq @} semlconductor
sh'@sﬁrgt@g isteRrrigd Bﬁ% adﬁHW ot teﬂﬁuq@és, fRludih Alenfval Fpor deposition (CVD),

substrate, is
ApRc g draosRph Y DUy P B ACPRT A p AP LT pgime! Rrmaton)
| evel s that are generated in the process, as well as

@%04? gﬂﬁ%eéﬁ%nglt évh rbr&gégésrtg dn@ bv'oiahlte X)ré'%ﬂ!gorg @J}ftﬁer il of ?fecursor

I ONn process geonetrles and sna

Vapert (hetare PG 61 e ehemsﬁabvaw Pf&&l@g ghagbere Hgvper, many chernical
dpS3 QR nefcAihbriglly ablichduds, |n6ﬂ'bo&f1letehkﬁ1gb?, ﬂ‘(httsﬁs&ﬁred vaporization, delivery

t |. Due to th t
e, Kb B0 1 B S s 0

Saibiitynavolatly axiagkle pracusorsps exrct spgegisaphy of next
generation patterned substrates. [0006] Physical vapor

deposition is currently a preferred technique for
9845 STV, rigjlizingyh c]ﬁ%gep 1895 #Adt fypputter target to effect de osmon of material on a

substrate, is well-developed and widely used in the art, but is limited by the significant particle

levels that are generated in the process, as well as by constraints on controllability and conformality
of the deposition process when tight geometries and small features are involved, and by process
control issues relating to diffusion of the sputtered material. Due to the ballistic nature of sputtered
materials, it is extremely difficult to achieve conformal coverage on complex topography of next

generation patterned substrates.

[0006] Physical vapor deposition is currently a preferred technique for depositing high purity metal

films, but conventional PVD methods tend to produce thin bottom-corner coverage in deep vias or
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films, but conventional PVD nethods tend to produce
thin bottom corner coverage in deep vias or 1 WO

WQO®500B3B831 PCT/ US2004/ 024326 trenches, therptlUS2004/024326

produci ng a potential weak point for barrier
performance. Since aspect ratios are a critical
frenches,rtherdby @rodhciigh@oarial W&k Pbisy f&ﬂiaﬁiéﬁﬁe&%&&nce' Bmhesaspect ratios are a

Lr F?lfyctotr I'&ggvoi%gtc{gﬁgev r(renrcX)s @reg L}F i Ilflig?q§ Ithate gnta%/egveéégegp 1 ut%e PVD
teeimu’éwﬁi not beebledtp ﬁnfouslﬁ srfﬁdmt stépeqoversge tid éeposmewlffmbn barrier at the
Feallin‘ék DEkRes@dt off :pl)m@ thﬁ}h the mgﬁ Q%)Qct }alﬂg VQI gcco % F]erpgstltko technique

via. Accaordingly, depositi on techni

wih e 5 0%'\/‘@%@@ S‘écbéh Cfﬁéﬂcelﬁfémr@a?osw%@rchmm §urﬁ ideposition will
B recuivedito @&posif diffisibnBRBOS hd dsft Mok bf inBGatb LG @e%cés‘?ncrease
deposit diffusion barriers as aspect ratios of

integrated circuit devices increase. [0007] Currently,
9807 Gurertlyr menydntegrated éitcuif (IC) prpresseesqus 16ve cpst depositwof conformal
GRStims f¢ &%%ohﬁe@ﬁn@theﬁ&ﬁé b, "Mé'agﬂlé/ ) H%)HJH‘%IB films, ¢ &8¢ having a

% rconnect and dielectric structur
@E‘t??ﬁ clovhiaRoytj s depends on bg, gpscphase @%F@Kn@fssolﬁéd owanometalhc

labcmtsbrs Hm detepsirel st Matém@mgﬁ&urséﬂaﬁcepetueﬁ&ﬁﬂ%dateé?f Although many of
cursors that deconpose

| e organo net
8 Bhies B SRR DRl Brd Sl g i Bemisere e
aplidatinncplf ﬂ:mmyoccsses f@ high apeo catis si@ Sillag & baxitied BRdisFculties.
wel | - devel oped for advanced mi croel ectronic device
fac re, the application of these processes for
é)e@eimqné)f copdygting fnpqeqlqlsrﬁ}c}} ¥ 99PR<H prggesses therefore can only

qdmbém Mtdle@ﬁopl&{hﬂ@%ﬂmdﬁ@sf (ad@ﬁﬁbslbaﬁédoﬁo&ﬁseg QR Gl 8t of ownership
rocesses therefore can

] o S hF PR i G Rt o smag coover
ipfarseneqs linrsalog @sﬁ)\envmenaswu@smmsx andfincpaasre resisiapce td BledtiokXration, as
Feldiras thR Bigh H@fﬁﬁ§ ﬁon'lt%f &?Fé hxetgﬂ-ga%or? e&pﬁ%&%&i&&n% g Iéa? g(?lil)ﬁ aéh)ésmn to all

is currently novin 8 ntercon
SYiRees: 8oodiep Foveragsy %%z% &apility sndgeliapilityyfinglnding wcrpme@stance), ability to

teeissrapitally 0hdd| efd BIGRY 06 ahive, subks ueﬂ’teﬂ)rl)ce?ss stEﬂ?,e(pBE't §btallization

poi nt of copper netalli zatl on.
ﬂ%&*t%‘ Ponal | y has good adhesion to all surfaces good

step coverage, good stability and reliability
(6000 lay dird3gle MGE%ét&B c ﬁg’ﬂ n?ettzﬂ’iﬁgtﬁ}n tecﬂlﬁ% eb hae b&n e)Rc%swely studied in

ani sotr opi.cal | y etche 0 SUF Vi
e ETe Nt FoRick s denpsitisn techpighes m%mlgupba&mab rvhen@oal and electrical

TItEEC e:ﬁsmiag)vapc{r G%ﬁ]lonp@V@) ﬁlﬂﬁéllécﬁo&fmn‘%zh ASSdsiti®F LEADT have gamed the
ues, have been extensi vel

izatio

o0l TR o W o b Ve iR b Fes i Jocits o s posion
Olf eqphwmméﬁhnsn Eowelven gomhlymbma)h yapoheessieabf aasitible pRetrfotsGall mass-
ol BihiteRRIL G the AR
glectr ochem cal g eposal[ntd ;ﬁgg%?dé% P)%r}ﬁ%gl\(% er?gsdtop R% confrggver the
dEROBIEPR RTOfSSSand are currently the nost wi deI y used and
successful techniques for the deposition 25 of copper

I I
[@blgég‘lilfl&%?}’é J_?ﬁgg l??t‘gug?ssreéylﬁle qllIJltl I bc[els aa RS trncP rc%ﬁs?n%r l?ne-to-lme
leakage. Moreover, the copper can readily react w1th sﬂlcon at temperatures below 200°C, causing

detrimental effects that can ultimately lead to device failure. Therefore, diffusion barriers that are
effective against copper out-diffusion are needed to eliminate this problem. The required barrier

layers must be conformal, continuous and as thin as possible. In addition, the barrier material
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transfer-limted kinetics in the CVD and ECD
processes, respectively, |leads to poor control over

W@ b@s/otsposi ti on process. [0010] Additional | y, PECDPRI®N4/024326
diffuses readily into oxides and dielectrics, causing
line-to-1ine |eakage. Moreover, the copper can

h&Ad Linbit B Cﬁlm‘%s‘isﬁw%" liﬂcﬂ%ndlﬁénsfo Rt @hilo8RinD @) AWkiAlE e cross

causing 30 etrlnental an ul tinat el

el of ey Festhen Hiepirier Sy E?“i# ‘beraegmé? S ¥ 55 ¢9pg dgpositon
dnB adsy arrem&k b cHeiniecal nkgiiniesltpokishiaper out - di f fusi on are

needed to elimnate this problem The required barrier

| ayers nust be conformal, continuous and as thin as :
[0/} 45 disnengions 9839-1 misron. qoRRerperevs ley kppltilayesy mayxeqyse special, non-

A008¢ ?rlagé%ﬁ;g B%&@%&Q@tﬂ &gtﬂﬁgn@honsdﬂ ond Bwaxpurdkthuchu@Wahd dd¥teased

reS|s Vit nsi o onmodat i p
drtt i e dvict b %?'L%otbi)@?‘““rfm% bty e materal
1b atitichlednd hidetnsh@athithtioe ca ngg@tideln thivesse divlebteiy ecmstﬁum, which is largely

$3 cgp%%blec %Qﬂsﬁujhlexg Elech%&%n%%%%:&s% cro meaﬁ ;P%dﬁ@ggﬁd:%llfirm seed layer

memtxbmﬂae d@prp@m pBecees ysivisdepprited by BYBrig cqmypntiogg]prgctice. With
SRR featAORYe ard @%@ﬁ% SspRk REE IR BT P DAY Gbtsln Y UREHA seed layers

%g‘g{‘%gé‘g’g}f Iteglg\}q% At klgﬁ gornfezs é{ﬁ]ﬁ gﬁgé\? éy\fiodlg be useful for such
ok Blkekrative tecﬁhiqﬁeh at reqﬁﬂ‘bﬂ vatiihla@bmpatible Gvith et didléctrichie
low k material is critical and aqueous contam nation

can negatively increase dielectric constants, which is
10812) eJopcerningsthe boptkaditlectricsthiompelvess atvtidsy varigty eERTPHESPIS EferFgployed in

1’}1@ G 20 & the Art GO RHLAB xek@r%ﬂféﬂ%dtéﬁ@ls Qcﬂd“orﬁﬁ}i fl@&{r NHES dAlkyl siloxanes
layer _to enabl e the techni qu

H’épo%’i"l"é‘&’st PYEsh nascodWnit o&eé‘imf)'g%lﬁi" o&egas \%“{‘ﬂ 14 OMCTS

@aﬁﬁlmyﬁlgtefrﬁﬂé)ddﬂie@ agd mmafmg prmrs&asfbmgepassmcmf guelt ifibps, but are
%Jécegtub?e tOQhe npgesence of ch% %xlng cﬁ ﬁ%ﬁésf tﬁg Xﬁ\f Egd o%@éﬁc'able c tionic or
Ccha

or tec nlca
mxmlccmmnmm Higho teinglerifures aasélerhte fsgqh Ig)b@rﬁnz% fletg@g@lon in delivery
ﬁ)rleg &f tﬂ@&é{p&@uoﬁ %%Hem %ﬁ&aﬁﬁl@ TVREHH FoBSheri¥d lirCdblidPlines at temperatures

npati b [ ow_k dlelectrlcs nce
%h%e T8Nk Palymrzatiqniof eich ragerts papazoduce Wlbsé‘JWgo VP E‘fegy lines and
PERGM SQUiFincdt, @itlecupkepkid conSequéndd imtht senfidoduicloepradessing Sacility.
continually seeking new materials for formng | ow k
films. Al kyl siloxanes 15 and cycl osil oxanes such as
[PRAST SThe tsernieensatds jidesiy lineuaently gt # erResrrays iathe apnlication of low dielectric

EaGkAR Rk %%ﬁ&eaeff&ﬂaﬁcex ﬁameafseeqarr@ muaﬁsngn from vapot-deposited
precursors de OSItIQﬂ of .such

a
Slicoe 8p9Kiip ﬂse— £ ﬁém&'fl@%ﬁe i cost @HQBFFB p 80p Uhtortunaely, there
bro R kdoiw@ Smdtdfials with dieleetsicl corBtants disslow adnid evoeadfi sochi known materials is

gcgmln O{ﬂnle TV&Osechon u(Z:téa&‘lna?n Jfacgux%xxglgeqh%émeg{s ag\g&?‘ﬁng%’c ﬁ-%o?grff%& to develop

nerizin
héve md@pfds pid pmcessys fag rﬂne fooresséyl amplb@entinmfs u}@feﬂ%éle}em constant
h@teﬁeﬁé (k¥ Q.bym’so 'uﬂ@gﬁté’atcuéuﬁm %ﬁrﬁhﬂ‘;’ derway in many laboratories worldwide.

[0014] Porous organosilicates can be prepared by vitrification of silsesquioxane (SSQ) precursor
polymers templated by thermally labile intrinsically organic macromolecular pore generators
(porogens). The dielectric constants of typical cured, densified SSQ matrix materials range from

about 2.6 to about 3.1, as compared with dielectric constants of ~4.0 for current silicon dioxide
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20 above -120C. Pol ynerization of such reagents can
produce occl usion of reagent delivery |lines and

waz®soirsed equi pnment, with catastrophi c consepENSI®E4/024326

in the sem conductor processing facility. [0013] The
sem conductor industry is currently at a crossroads in
hiaﬁata@ pThedilizion 6f pokdayinelil@drgolyfefic maaRs] RiWevédBilh@ducth 8 new and

eV| e f or man ui re requir : o
BRAIESHT BIERR O Pnd Pe RBBRTS ROV B r e Bpdhemetig mlerids include
fre@ptuteclegradatioreanil/at polyintelizationlofaheemeaquisars drodediveaynlinek emsed by the high
1 BBratred- e e hi
et kLALLM o, i
snsesyensesyibirihapagcessingiosl i s  conpatible with
sem conduct or manufacturing requirenments. Accordingly,

1S, b oL Bk SR By R T 5 P PR BRSE D, o

dtraatigu titapate (I5AS haalrstrontivet béaniugl t@nt{lite (SBTY haviethbam shown to be promising

FERRURE Sl 4ol LG Bk ARG U, il i g
saforpeecess Bpae AORAMY,Ad 2pte ingwatpram meﬁﬁlffsmqe@e@efwmwr field effect

l(r&%@?o I@MBSI-FEﬁ)OEppﬁ@n&@l YeERIsS of ene! Afe ebnlafent POEABAdnYand dielectric
abl l e

sica ani c cr onol ar pore
e e el T RIS el B epoEh e iR Gaites or nox
ggq@rau@d gaudiededtric dhyers ivhére thicBsQesratl 0 hx withbeeequirkd Highnkjexides offer a
gcﬁ t@l%%%e %rﬁﬁel{lsothgcqg#& ag’ g%e ?yﬁ‘c‘fe tﬁl@lg}gggseé}e afeg' down By using an

ectric const ant current si

a%maﬂzéequyaw thigmsss of Bigh k dpkericsskaosy eﬁzmsz@aﬂy reduced e.g, by>5
bR bAhahBude 'Eh@wa% dohtirdidd dcRIBLd6Hn JTAEGHLS s RS NIGSFHTs,

polymeric materials, however, introduces a new and

uni que set of integration issues. The deficiencies of
(D] g6ewinglineesk insadhyiph kiogidenabtenial filns hassbowitkesteep menawt oveethe last
9&9& %wef’eﬁl AR P ofIEQItrléﬁe%f Lo%d’ﬁk)hlgﬁy at s&ﬁk%hﬁrdﬁﬁaﬁé&’ Eridaf}. Thin

['1ver nes cause
tf Iﬂm fera}eg by BY Pfd%@temaesaferp e G@Q}Eg"uﬁl @P%ann%@h@ﬁ/@w%o@“ﬁ? ig 1qquired to
P ta el t mdtdal. csatﬁg i0d QR Bganie n@ma@s%u eaq@@&emyseuam oIb ut 600°C

e e

iSp 5] T Juost 3R (ﬁ i% xgﬂlgf@lnaitﬁger emperature of the
Beposition precessdsiacessary fot avodling pfdBSins swwads pliysiodl tdmwfge Iancsmt-mffusmn

FPBB@He%{% b(e&%gg acha%gn?l &EN F§1h8(%plE Q E%ef}r (ﬁ&l‘ﬂﬁ B%e%osit a PZT film

erroelectric materials for fandom

fisetly gn emﬁmwﬁatec@w&q ?tbﬁéuahb/ r@gﬁﬁw@l Sy qﬁcﬁeﬁhyabf@ws}nto the Si

BERERAY Ac ly, B0Gkr %?Er@ ark R&MéAWHRA piloessing temperatures are hlgh This leads
metal / ferroe fﬁ,éct“g- sem onductor fleld effect 10

{9 35 1R ORI £ S SRl o g el PR RSt ot efifditonaly, to
hihighe prowhnartmypeehas icadivie Gibsang stdheds @olymernt: submatsst, &oWMer processing

?gﬁér%ﬂaxgg gllgl s uugche%g plsgﬁ%f)%dlzﬁllf gtnFede r@e ?er[ for 1 %r%ve% techmques for

can
g@p@'ti@i@hiehkﬁm I ayers where thi cknesses < 10 nm w I I
be required. H gh k oxides offer a solution to

P25 SBLPIR G ceur 22, 028, O A0 ) BKIRE R enes
the deposition of electrodes. In particular, noble metal electrodes and/or their respective oxides have
been the subject of extensive study in recent years due to the chemical stability, high melting point,
high mechanical strength, superior oxidation resistance and high electrical conductivity of such

materials. As a result, noble metals and/or their respective oxides are promising candidates for a
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el ectrically equival ent thickness of high k
dielectrics, |eakage can be greatly reduced, e.g., by

woe2®5/01B30r der s of magni tude, all owi ng conti NURCT/US2004/024326

scal e-down of devices such as MOSFETs. [0016] G ow ng
interest in such high k oxide material filns has shown

Fids VAR dfRFLEADRs Ve tdph&el AgtrodeSl RIBER,Ti, LIOVBY BFroeldcfiic Bapacitors
of, contkoLIed st oi chi onet

fil r re sonewhat, .

B g Seapiy SpEelesiis esprie: pcyen-piptle leqiigey R cq5psips, ppagial, and as

swiching bppenalcttroehramie dei@s.phous t hus anneal i ng above

600C is required to crystallize the material. Sol-ge

and netal organi ¢ net hods al so require tenperatures of

K941t Veorangipds bavp pesasmrlored én thegreler Brmiagibleanstal andmgidized noble

Aot filmp,PkithGAYdiRNporalep REIME hdvaig bedn z{n{bﬁ% the Ii’ﬁbﬁrs_acg:_bkrsﬁl §proaches to
e 0sjt]o rocess j s necessar or avoidi.n

o PYRE Rl Bty 658 A v Sinfop ees ot orseil peppee v e

ditlechoddurieg sputigink ef the ewtalfiijng erelntetd] diffasion thfeogh thex dintpdtes, material in

b déﬁceé&&c}{u : 'Acfc&&iHél% ahé?na%%%gcgh‘m Gre Bé% d fot 6 de?bsﬁt%ﬁtok%' films of

on an SI substrate because I's hig Fy reactive W th

mbleypeleasi |y diffuses into the Si substrate.

Accordi ngly, buffer |layers are needed when processing

atures are high. .This l.eads 25 to .an increase | :
B, 55 ot tapd APt pBet cofienlgln P omlghgheis San fcuring
fdeposigmgechniques cefliect thadded dfdlreadrt fyr, impwvedgurbries\techgragivs thabaye free of
Lenpgahally € sensitive substrates such as polyneric
ubstrates, |ower processing tenperatures are
required. There is accordingly a need in the art for

SUMMXRY OETHEINVENTION deposition of high k films.
iOOl? Anot her asgect of sentconﬂéétor manuf act urin

020 Therpreser Ju PR felfiessa aupertriticah fluig dnitRadssisied pggtip o matrials
depaditiatean of el ectrodes. I n particul ar, noble netal
el ectrodes and/or their respective oxi des have been
t he subject of extensive study in recent years due to
109211 claeone esatct drednyiention yelatesiteyp dpesition sgmpnsitipg for deppsiifng material on 2
Bt skl | defdsitiom @brhbosiEibd BdnbpRikin® % | sGiftkdri@éhl BRI Mt ANgeuRBdfor the
hi%h1?H$Ctrlgﬁl &pq@uc ivity of such nmaterials. As a
Pagtig fo beg TREEFEEfd/ or their respective oxides
are prom sing candidates for a 4 W 2005/013331

U 4 o , Co _
Mot Rl et PERe bl Kool ¥ rtoR OPIgiR b ABiSGLE substat
Papnrisiag denopiting e paEiial op dhe substiie gy APpsiljen composition comprising a
pREUrREbRGIhmhaterilleiNa hls@Sserifidl ¥/ gen- st abl e el ectrodes in
corrosive materials, and as swtching layers in
el ectrochrom c devices. [0018] Various nethods have
H923 larapdtsy egpedt.rihetitnentiontrelfiesrio § wethodnf forwivize barderdéyeronch substrate,
Q&ﬁﬂiifsi_ﬁ? gon&etlﬂlg%e sabsHRE Ala chitdiBo zoWd Hih P&E}S&iﬂ%ﬁ‘ t:on‘ﬁ% K{2dn comprising a

deposi Tion having been”anon% he npst successful )
hpperdavenprecupser ang superquities! fluidnadcontinpine s confpsiing wiile flowing the
aA&da6dnabfifostios afy e tcageEng@bnep i Sistiak gikadBa@ed Rpdshitn composition

from said contacting zone, to effect growth of the barrier layer to a predetermined thickness.

[0024] A further aspect of the invention relates to a method of metallizing a semiconductor
substrate comprising contacting the substrate with a copper metallization precursor in a supercritical

fluid, to deposit copper on the substrate.
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di el ectric during sputtering of the netal filns and
nmetal diffusion through the dielectric material in

w0 b@sdesssce structure. Accordingly, alternati vEGT/US20PMVIR4326

are desired for the deposition of thin filnms of noble
metals. 10 [0019] The foregoing constraints and

thebs)cyanabes a@fmc? SN R NV R reﬁl%m 16 QNABBAO6E forming electrodes on a

manuf ctur% psition te es reflect the
SRl bR o B L SO RO B Gt Al peusor in
f supercxitical B to deposik élaﬂmmﬁatermﬁbs&‘te THE | NVENTI ON
[ 0020] The present invention relates to supercritica
fluid (SCF)-assisted deposition of materials 15 onto
§0984) t Ptaereaspectso bratiyes |apd grbodimaniscef, the messqnh yvertiopryvill be more fully
bpaRhiG%nt (B AsiRIRSlolukORd epeRRS tkimen for depositing
material on a substrate, such deposition conposition
conprising a supercritical fluid and a precursor for
t he nREEAIAD DESGRIRATEQNORE EHE GNVENTIGNIANDHREFERBREPP |
Anot her aspect of tEMBOVDEMENIS THHRAGE to a net hod of
formng a material on a substrate, 20 conpri sing
depositing the material on the substrate froma

505|t|on conmposition conprising a precursor of such

Br fugpreritigalofluids arpyterread; unfle gpnditiops ¢, W*{l@dbesjienﬁlfy rib Frwid phase

a@ple e ,derisiﬁ}eoﬂ tiR\adRbis@hask 6f tBd sﬁBstaIn@e arofr@gblhﬂé, carborf dadsxﬁaeragog which
strate cont a

on _a su n
Bt ST lomptofhe R Pt i o BRE MBS PRI p SR sbove o
critivpigsint, caresppoding t 91 A1 BC ahdyp 121 118 alnay@rice furmed) the densignaf the SCF
- G C ' ti .
SR e ) BBt A WS Sl A, i byin e
prgssig @nd tnlgpezetstﬁe Slmelrlt@aléblrda hayie a golulalty a@tde@ls@ém@ptoa@mg that of
@ WRAS hrddi gARous bR Y3 Ftcil o0 AR bdalhd tf QM Bice foidalok SEHs is negligible.
growth of the barrier |ayer to a predeterm ned
t hi ckness. [0024] A further aspect of the invention
[0028]t Baits® oﬁutm:tdlrlp dlamffadmetdadhhxhczérn@ﬂay et reqytied) ddck of toxicity and
| g t t
ﬁ%glglre %Lﬁroﬁt?{ﬂ?aﬁ %?écﬂ Suj e?gel' Ct%:?l&%ﬁ% & Br%feéﬁg %(EP:: %t?e ﬁllv(l)a[d pract1ce of the
preseniginvenipng el thewrgh thedpyspiéon neay be heactisedwitly apy suitable \BOF species, with the
2005 bR RCH di30044:0RAB&ric HPIRRRK inVBlednOt her
aspect of the invention relates to a method of formng
el ectrodes on a sem conductor substrate conpri sing
0624] a’l‘)‘telpmgent Ineengorbrsihtesto upaictiticabfinidbseisted degesitivabithineilm (e.g., with
9 n?(,('; IJJ\\S < 1' Hl mgte QI‘? E[ &l{)ihtd{e eﬁ) a Sgl}lli (glducttog vgfépézlﬁéhtate

el ectrode erla on t )stra

[0030] Due to the progressively smaller dimensions of semiconductor patterns, the SCF-assisted
deposition compositions of the present invention provide a distinct advantage in penetrating small
geometry structures such as vias and trenches with high aspect ratios on a semiconductor wafer, as
well as achieving improved homogeneity and extent of conformality of the deposited material, e.g.,
in films, layers and localized material deposits, particularly in instances in which the wettability of

the substrate is low, as is the case with many semiconductor substrates.

[0031] The deposition compositions of the invention may be variously formulated for specific
deposition applications, including suitable SCF(s) and source reagent (precursor) compound(s),

complex(es) and material(s). Such compositions may further optionally comprise co-solvent(s), co-
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[0026] Ot her aspects, features and enbodi nents of the
present invention will be nore fully 5 apparent from

wo b@semssei ng di scl osure and appended cl ai ms. DETHUSDI024326
DESCRI PTI ON OF THE | NVENTI ON, AND PREFERRED
EMBODI MENTS THEREOF [ 0027] Supercritical fluids are
Fafe{aﬂ%? Hﬁﬂ@aﬁt(sg Od'ﬂq&,ﬁ(h)o Qxﬁl/cﬁ%tlﬂéﬂle‘ﬁ&ﬂoﬁ-@acﬁ@ﬁﬁé by c&{po&tlﬁﬁ-stablhzmg

ual s the density of the gaseous
cﬁwa@éntes a%lweesmti%?ﬁedefor wef 2pelicati¥f-e, carbon di oxi de
(CQz), which is a gas at standard tenperature and
sure r goes nshd d
[H({)ﬁﬁ n is Snnglgjles,? ? n%olanogﬁtrl%% de% % 1ornec§ﬁggsgfamc$rtﬁ1§éﬁdat iegst §§a: S(iF and at
leasiclonp ore»urso? sor@poacrm Ihq@emmmweﬂms com?rlare n§vnegpn@¢a‘rtlﬁé solution in
wiiich at fegspodgsre&ﬁgdr Bndoh Al bis@Wed- | i ke to gaseous-|ike,
yielding different solvation abilities, by varying the
pressure and tenperature. Supercrltlcal fluids have a
[BaR3} Tihé SCY prendscd isblftioni ibiukd ¢ay baplivead i o fediddasibstrhte Té contacting
u n a F
it Srleef 8 SLSB0UR LRBE oLRRE I HE pkenror component. For
qxgg@lq:,ghebprecurso{ coPejenBuen cRIRprieg a |sqlgcerre%g}t|o9mpound or organometallic
B L AGLT @&dlﬁ:ﬂl@ﬁ @&ﬁp‘fé( forefgkhﬁdgta)fnetta@ ofXBeldcBf ¥ilth &k, aldRkiric oxide,

of toxicity and l'igi bl e environnent al ef fect s,
%Uﬁ@?@@ﬂ?ﬂ&&@kbﬁﬁﬁﬁ a preferred SCF in the broad
practice of the present invention, although the

@&VE% A0 uya%f ?(EF Qasgbﬁ&épgs?tgmvwo}nposﬁfaﬁ, %‘ ﬁr §§r é‘)%onent(s) can be

I cular
@etp@nmyrdghwwdmh@shgm ef the $CEpased; @wmemcm%wé@ﬂle begted substrate,

1h QO3 thl RSB BiSEHl dirlVRHohPifle i@éuRof SonfpOnchildd) ®h Giel subsédb surface.
fluid- aSS|sted d§$ sition of thjn-fi

CHPRIEADS dygroducts PR opleh b dF, fére%gwélygmw% out of the

&P EFitvA REaNHeO Via Waittinows Ut efathe SCFBE80 korbhositibro thrdugh the deposition
rogressively .s s of sem conductor

%%? é?%§?m¥h§5§§£é£%m€%ﬂgﬁg 3%05|t|on conposi tions of

the present invention provide a distinct advantage in

[063%¢ tﬁ@hh%lysm@'dkposﬁ&pﬁﬁﬁigrtﬂe S¢tH- Poh@édtﬂ’eﬁ&lti‘éhl GhinpRSitidt Sy be carried

and tre S aspect rati
S A B PhagEt b S Rl kis SShoa §ith fpe syse a proces
hﬁdﬁﬁ@ﬁs) aety tandragxd elltl/orqfresstme)f ofr Ih'alcpmyosmrbn tae altered to effect the
? qurc’m oF Eggl%e%rrﬁa?eklal fron{ tﬂeé InJE:- l ayers and

erla epo ts, par Pcul arIy in instances
in mhlch the wettability of the substrate is |ow, as

0336] hﬁ(a&iﬁ%f‘om RpddRE Msefuf T tﬁ@lil‘dddl(ﬁrﬁﬁceSdﬂ lagtin@hiesm. mc[11ﬁ9,3)11ﬂ are not
depo on co ositio of the inventio %

o b e S

gk, |lgdtbgen,rfsmumggat aal solfurdieiafledside SCF(s) and source

reagent (precursor) conpound(s), 30 conplex(es) and

naterlalg ). Such conpositions may further °pt'1ﬂ %

0837 r Foswolver o g gastap spgoies stul i W"Q‘G@‘S‘} gppgstions of the invention may

B Mpaasté 884 3Bstrative species include, but are not limited to, methanol, ethanol, and
higher alcohols, N-alkylpyrrolidones or N-arylpyrrolidones, such as N-methyl-, N-octyl-, or N-

phenyl- pyrrolidones, dimethylsulfoxide, sulfolane, catechol, ethyl lactate, acetone, butyl carbitol,
monoethanolamine, butyrol lactone, diglycol amine, y-butyrolactone, butylene carbonate, ethylene

carbonate, and propylene carbonate.
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reactant (s), surfactant(s), diluent(s), and/or other
deposition-facilitating or conposition-stabilizing

wW@ovpom3st (s), as necessary or desired for sSucPCT/US2004/024326

applications. [0032] In its sinplest fornulation, the
deposition conposition conprises at | east one SCF and

[?638] | B ARtanRMEAR L i U§REiHHAIRERRdhs of'ﬁkbq)réégi{{m%ﬁtfoh @iy likewise be
hus conprises a supercritical f]ujid sol utl on in

QA ruiAble) Wegs tnchiingiRisy SBiale GHiSBe it FUNYORS JYRFR g Mlustrative
Juftbtad spebies Sﬂﬁd@ rvaithoiitSiatitatiad, Labétﬂé“md Blcel®B mdrdidl€ long alkyl chain
del i,ver %qerﬁo heat ggwl%lrjetgsttgv% rf OLq GopLact i ng

s(eﬁogfiae R %m%‘}eﬁbs RRe ‘substrate & materi al

deriving fromthe precursor conponent(s). For

RYHPE corﬁﬂasenaro% M rs@:plbas@@&eg@mﬁtcorﬂmu&mpme §1%seﬁt ﬁ%ﬁ&ﬁnay be
reagtent conp ound or org anonet al |i . Speci es oOr

BSRIGH At PRI sm?ngﬁtl% ok ra}ameriﬁoa.?ﬂ% 3 2BFonre EFNS% of the
édnipﬁemoﬁ irfldepositing inBletsltori b Gubsnateth@rface.1 Por @xundleS hAbean@ti@ipbnent(s)
18 gp r?rg’s:é% X gcgr}rgrgntra[l ng S#ho yalb]ctiut 9. 1951%, legﬁ% alpo%ls Sé% g)g weight, with
witabld eoncengrations lb@asldyped@dnt e rﬂ@d mwnams@hé@m ef ﬂtﬁhl@ecursor in the
s%g&crﬁﬁﬁ i PR Snblofid. u?@lg%’?p'oglﬁdﬂn F&anﬁlﬂﬁe, Bf%?e‘i’x@&jconcentratlon ranges

substrate, to deposit the desired material deri 9

Pir SRR RIS RV Wﬁ@ﬂﬁ PEjmofs-g Qe e 5 0% of 8%), and
Siith@ ¢y, 10@29r19%r n&at 1896, 20%; ps%gohm S10%f 50%,e6odfe|c76m B0%r 90%),
ﬂ:@%rgx%agtil (g ﬁl(l:an n_glc s%}eﬁ‘cglla}:éag A mdyn bngcgls e&is ou eﬁ s})ecﬁiclé(ample, the
SaFentyzion df thopmpowsiot ¢aphe bélov alrpht 40I%ewl¢ey§@a |ISt Useshas thersypeasitical fluid

ﬁ:locﬁé %ﬁb{égd %@sﬁ%rnaéo oﬁﬁgesﬁlélfor%glg%t g@tz&tag&soage’gﬁgsed on the
Al ternative position using th based
weight of the T e Sieserarceitioh namy be carri ed out in a batch

node, mhereln the dep03|t|on conposition is contacted

%%PE 1~Iu er H(asll 1on com os1t18ns ‘f.ahs flItherhl%Irl] gﬂa%e?ecgsay gQSe consist of,

ssure

e tcmslsdessmudryf eﬁ:tany hé the GCHe prosirtor cmpdnentis adégiptieel additional

6ich @l HEdbfibnl EQBLAIEeGOMPOST i on. [ 0036]
%&%ﬁp l es of sgeéleg usgful in the broad practice
of the invention include, but are not |imted to,
[0a4 1 aDepokittoniusieg theXS0Feased degsition dommpitins ofkie dimention may be carried
%uqm) 0 asmta nham%? as @M@&g éctmg fﬁg Bﬁ)gs),(lté% ctoglp(?s &wn A tB 85_/5Tbstrate
@@rrs@l \V@m dQPPSI'%(@— tp@a@tl% rrnay shsequiptoyed, e other mpdes (9§ apphcatlon of the
8P bR HOMB ARIsttsRAS calbe {ftGred. NVeENt i on may 25 be of
any suitable type. Illustrative species include, but
are not limted to, nmethanol, ethanol, and higher

H042) itk sxamleaih loyd gpyiond] 4 Idadmm:sc arolijbreetiy pyursop breciemiedissolved in a
t Y-
%13‘;}%?%?5’1 dd}l;] cgtg fg%l the Sﬁi‘ F #e 0si c&'fslpoﬁpﬁr a’!"]hés de %stltlé)g corflposmon in

gdtltipn fqr@dh@tc@n ba@@g@ﬁ ento glfpy |mls(t; ar pthergise acrosolized. When the mist or

ERROEL RanphRATRS theb!dﬁaéffa@l sutfRE, R erié ﬁﬂﬁs)@@@i‘onﬁéﬂ' MEhis technique is

but yr ol act one ne carbonate, eth
g/ultable %‘or forming r}ow %l }n’}/s gom pof‘ r?c oligdmeric, gre-polymenc or monomeric

precursor components, or combinations of same. In some applications, it is desirable to transport the
fluid media as a fine mist or aerosol to the substrate surface in a carrier fluid, or alternatively the

composition may be delivered to the substrate in neat fluid, mist or aerosol form.
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carbonate, and propyl ene carbonate. 7 WO 2005/013331
PCT/ US2004/ 024326 [0038] Surfactants useful in the

wa@le@emiBBon conpositions of the present inventPONUSEY4/024326

i kewi se be of any suitable type, including anionic,
neutral, cationic, and zwitterionic types.

||bb43y sisraa&méferanﬁu{e&ﬁ@haw&hﬁ pe Gices sdoﬁazéfuﬁéepresmttummon one o more
imtation, éetyl e(rﬂ% c .al.cohol s and

I on A

REFFATSAF CoumeRsisl g £n d1spalyer i1 Ay SUBFETIvER. o, 167 Soishon hen being
suBBEELtD rapi] dxpahSibh.NAE @ cbswling| Ism@Saplcﬁe)@ﬁiﬁﬁﬁ]ﬂleT}ha:ursor component(s) are
FRIRO0 S Tp0 baD St BASGHAAPRRLNL CAGATROR! bl P Bbansion
@Dﬁ@@!ﬁ)‘) pxaltquhrfgle Japdr nagiclgs @I\aetoml @p@p tlsie@l)méle?aglpe deposmon processes.
appropriate to the use of the conposition in

rmter Qon a substr sur.fac

R it et Seied g ot Bt S5posices S etiiss gy Mgl fo
meitiabbt at Inepsited cirduitenbsaiiey forBatibioob ylestotig hind irderavlomat structures,

%%ri/ er kP ateglhfs (%%II xlflgjldessaﬁéi E)ygjﬂ{tr?dgg QF &%Qfs I?Cthlag %taﬂﬁll Htgmum, silicon,

£t Re precurso
mngsteh,en@!zbdgulpve r:teb,u 1?‘IV (kallelefcms @dthliﬁltk mstereqlpp Pltsi;ﬁébfr inﬁtetlﬂ%and thin

ﬁ]ﬁf@%ﬁlﬁbsﬁtio@@ Pr&%ed%ﬂ&ﬁﬂﬁhcﬁl ﬂ&&s@gxesﬁéheﬂrﬂé&nﬁ@% k&@bdnQbxide, methane,
ranges specific pr ecuriors nay have any suitable

?ﬂ‘*ﬁi” ﬂ“@'@’lgimeﬂl}’“?f/%“eﬁldé%ﬁ“ gipilugside. o1 8oy, and maxi ma
(e. g , 10% 12% 15% 18% 20% 25% 30% 40% 50%
0 rd i
@ rcr rét s °c l@for thé?lﬂ&%%ﬁ '&Sf% @ep&s‘&ecfw&emé&ggfa{ ngay be of any

invo er speci
@rxtdﬂcptyne Iliqq@atwe;m@é‘-m parpoRsts dicludpevifhpe digitgtnn, eraﬁm@étalhc source

Q@éeﬁ?ﬁé&o%g&kms ﬁl@%ﬁ‘iﬁl@{és, QRPLdvas bb‘@@ﬁhd@(ﬁs thBBofSAtRRNGSE kel sErmibonductor
ul

the SCF-Db d.d t
IECRNRINE - e e
m‘98 fUng. Pateht Ndd 54580496 duaqed Janbirg h8, 1pVIOWE] Pdient Nb.ai,110,520issued August

?&)%' i so ate%?ﬁfﬁ’ %sézb ké’zf‘?su&f Myﬁ?ﬁf ”¥9°5”!m!d(i5‘s ’ﬁéé{u No. 5,225,561 issued

ectrve
%ﬁp@é\h@ru 13) 1990 élie 1s&1¢§ure§fof @lh@f v, arqdreeebu WWOT@&W%WTG@)WC@ in
AbidreqRlve Bibetdgdi tional  conponents of the
conmposi tions disclosed herein. 20 [0041] Deposition
usi ng the SCF-based deposition conpositions of the
[00463 riThic nventiay clgengpdates imgpdicationidf JUF-aasistedsigpdsaibh ® amanfrewide variety
J: tion conposition
R R R S T R R
techni ques may be enpl oyed, or other nodes of
ﬁ)pm] | 16 8dnk CHﬁlb@&lIkl;Eﬁie fSCFi@Qi@%& tdb%@ngro Ii?é&ﬁfblb)ie@ Mo te@hdn&re physical vapor
str can be ecte exanp
SHppvisn b P eRon e t el P pr L ahe st ehded inan
ecudicd shdmbed ufilvig a Aargsdiger and jat sputiek térdetiifat deppstion pf tnkterial on a
g@ftrat@% d sgﬁ&gﬁﬁctolr QUAfef: C}Hp?%tﬂr&@ss c-!a-llﬂ e ngﬁﬂiig@ ! 4@8dance with the

COﬁpOSI fon In
present invention to utilize SCF-assisted deposition techniques. Instead of a low-pressure system, a

supercritical fluid, e.g., carbon dioxide and/or argon, or other SCF, is employed.

[0048] In carrying out such modified PVD process, it may be desirable to provide an added Lewis
base (e.g., PF3) or to conduct the deposition in the presence of media such as CO, to form
corresponding metal complexes in the PVD process. Ilustrative examples of metal complexes of
such type include, without limitation, Mo(CO)s, W(CO)s, Cr(CO)s, W(PFs)s, Co,(CO);, and
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solution formthen can be sprayed into a fine m st or
ot herw se aerosolized. Wien the m st or aerosol is

wo e@nspsst ed onto the substrate surface, pol yneCT/US2004/024326

films are fornmed. This technique is suitable for

formng lowk filnms from polyneric, oligoneric

@,@FPp! yneric, or nononeric precursor conponents, or

conmbi nations of sanme. In sone applications, it is
desirable to transport the 30 fluid nedia as a fine

(#9491 Byrusexefren SEF ambjent evirgurent in such npdifitBED pperation aredueed level of
Jalﬁdie%ene?iho@llﬁlﬁﬁ%tcbﬁﬁ%l ¥ dehtRitio® Ql’t'm@ﬁ)f t?éh@ékofﬁ@iﬁesbﬁnproved control of

del | ver ed he substrate in neat .
diffsion of the SPtFTeE mpleria) (oS Arplisetion ofrgay PRIsOsesAipts B 15 VD process (for
i arr s, @rafphglayvd) drddhieable J1elatyd & dohehtidRalt Ve tbuhigubs.
scope of the present invention, one or nore precursor
conponent (s) can be dissolved in a supercritica

(00591 dn anpfhetembadimesiofithe Brentione lpwielilmgare ypgdasing alkyl gilanes, siloxane
ﬂr?eﬁfsgrs E4R NS HBanicdFhs dofSibdn-BhtaitHE fowk R DrdduSors) %ﬁ&l‘ &Nthe low k

precur sor conponent ar e a ized into
4}%1?98}0 tBerFpIeting Lespy so}ﬁ*a%{‘? Doy Chsapig 615@1”(11@1 epdsdh en‘ﬁaqaﬂafk SiLK.
$1l?teané @ﬁbﬂso@&ﬂ@% IoDzmyEulfaBlﬁ thipt,ia® R ):xarr@l&dll@lﬂi:lhxafwsmed walosiloxanes,

%% as te taIn(e)tlb]}qc rc1(%‘)geérassloxane (E}F/B,ﬁghu‘a%% O r K lg{%c‘(o?&oxane O(OMCTS) Other

lpwdmhn(py@srsmreat@@l@fcm bef wilizeddp d@l&quﬁseéfdemﬂ@T Bregess, of the present
Rvdition TRk ksberidr ims FFREER I dsZRHHoRMssOR of RvGE RlyR-rifatisrCtedts.
substrates, formation of electrodes and Interconnect
structures, barrier layer materials (e.g., nitrides

Eﬂﬂi] d)hy ﬁbﬁoﬁltldemeOiltxmbﬁﬂlS insentibn ﬂmefowheihdtmomwsitmm wimrein the
%ec sor ra %fsi’cog %é&rﬁenteﬁgngt %r%t(’j giﬁﬁ'i(g%ang th blr{ ﬁw \%1#1& e?llk}gillane e.g.,
undthylhlane motefrmmmybdaxposln @iaghes spepifie fcqtmoeldors Whsesilicp squgcg| reagent
(foln‘}éhg:§ a bifkart UG HlcHRE (28 %ohﬂﬁ&ﬂéﬁl Gith § 'b&@ ébn% @¢m3Sorous low k film on
met hane, ethane, methanol, dineth tone and sul fur
Hebfalfor i de. [0045] The precur sor conponents for the
materials to be deposited on the substrate nmay be of

@Géﬁl] ’ngg lu{vgg ﬁretséipﬁg daiolr Hé‘fc{eﬂéyl of GildRide Wctﬁtﬁ s HATROREARE e utility

ation, "organo Cc SOUTCG
‘?féa@elmter@brfprdy:mfgloaﬁpplm e%pg(g cally, dhe|paspnse playen trace amounts of

%Qﬂ&féﬁ fh shde16@he prédrsh8 bbsePsrisk B?caﬁ&ﬁﬂ &@ﬂ&ﬂ@ﬁg&\eﬁ@nm , particularly

R o ou | LD DO BEa3 o in gogery s

ﬂ?atdepﬁsmbb chimtth 3, M%XﬁﬁﬁldemMEmSl Umtyynedifes i O®@fiyery)lites at elevated

grgnera emsua y él%% 2%90 ! xglgmﬂ gen@%gg%{a%rﬂ&%i §é’g%ggnﬁ§ tgtlg deposition

Pratessand moma;tpdzmsprmq i ssued Septenber 12, 1990, the

di scl osures of all of which are hereby incorporated

her ei referenc their respe

BB B e RSP A D B D Ry st lvery and
&pbsitivd Sin Sdceddaalep oih ttheopredent mmentiaf. SBupdraitical afitvid sotutions of low k

precursors are readily delivered into the growth chamber at low temperature, e.g., as low as 31.1°C,

due to the low viscosity of such solutions. Further, at the point that the pressure of the supercritical
fluid solution is reduced, the solution undergoes rapid expansion in volume, to vaporize the

precursor into a precursor vapor, with no ancillary heating requirement being required.

10
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of suitable techniques for depositing materials on
substrates. [0047] In one enbodi nent, SCF-assi sted

wa@epss1Bson is enpl oyed to enhance physical vapor/us2004/024326

deposition (PVD) processes. In contrast to
conventional PVD techniques, which are conducted in an
[005AF Ut the STFHARH ,depbbitibn EHAGUE oF Higr @&du@am @plgbaion to low k film

%Bg{)rs ;{eéuce gtﬁtamal%rs %l%&oﬁ%%%et%gauo&ac}l}a eculis%rs S]._l)%DgS F1goxansesé More
geanallyetherodilyf insieble wacidomdawrses of vatiant types apraé@ehgeously delivered to
ﬁl@&%%t o 'guﬁsgatéjﬁ)’ éd@ﬁoe?%m@gﬁbﬁt %%n@ﬁeg QP dukth Qfdxane precursors include

ues. W- pressur tystem a

EVBEY errq @M@ES ﬁp‘d.seweé tht are pagtiqussly dlﬁqﬁalu PresuginpprRsse include carbon
868 metRine, MeiRfiol Hdoth g&t&BEHd%mﬁQ heaflAi8. | n carrying

out such nodified PV process, it nmay be desirable to
provi de an added Lewis base (e.g., PF3) or to conduct
0055] de posaspicoof thapredest ipvertvs noelval lowe §ifdm Soohticassu@@priticy fluids
Ir@rﬁléloy?ég & Qi%lqv%ls @19%11@ gns%IeQLw qpﬁf@éuﬁsﬁ@ Sf01J e tdt}ﬁ)sﬁé{pof Mesoporous

l'ustrative exarrE es of meta conp | exes of

SeRhr ﬁt“ﬁf@alﬂzﬁ‘t pilsepguionang (RSQ) thinifins AGCSh Is mffw;iéCF species for such
SeidoB, altg &, SCWsblrehistean 6DMPIIRE such rasl tho® ilfSiratively mentioned in

T ] WY

wpdfontrenyy intasivediviogprotesses hnddhe prpducts frath @ plpmneization oenducted in the
' 23 dnl Bt the re-
LN R0 SR B Ay g v
gpified ¥ted material, and application of gas phase

reactions in the PVD process (for 5 formng barriers,

O R 45 A A A SFBLE pA oo
glokenel, mdnistlseqfiodatwe. Theheghtsolability bfthesk pie¢ursgss imthe S@Emﬂmdn eliminates
Mé 'n@&i ﬂl‘ lfx aéh epgbéegﬂgsterppﬁalhﬁ)gﬁ loybd ﬁpé{lﬁo\%%reb}a%lcﬁﬁ/ge@le problems

gani c-b non-si 't con-containing |l o precursors,
@@f@wteégvl@m Hesrmalyy ikduced; neqrasrg degradaion RPRIEREThi teodeipery kineg of the
@¥0§mﬁsﬁmM4Qhﬂﬁhﬁﬁkmﬁamg@ﬁy under the trademark Si LK
Si | xoane precursors may be of any suitable type, as
for exanple al kyl siloxanes and cycl osil oxanes, 10
0057 A sriticalt featwre PHiplipe payous tlevak iofganasiticatq fmsTigm S(fficbased precursor
%ﬁh@ﬁ@g fy lc&ﬁ&)flé@l%&l‘p@ﬁh&@&f%ﬂ %ul(b%@avmga Iaﬁfectn!: QdﬂstKnt of 1.0)ina

m precursor materials can be utili zed
Wetrix FisEY tQ) &8 SiMPSFPi GRRSES Hpteria) éavbtrgés%lh%tanﬁﬁlwmﬁd&lﬁlemc
tdsth@r 1 sﬁélﬁﬁfdu@ihatﬁi lafies, @8 dRlebiSEE Eonkias canVUetleHdiby kifPly@creasing or

f advers mer|zt|on ffe
Fersoeie 1o BORBBEIY | SHESBF BRI FoR PR dpspi olloved by
lazcidaitie of Gwpasnit lpdmmer\mezrleatpd sdberatepp @clatils frgnegts ghen produces the
§ésiﬁ§b cp%ﬂ)u§ RiAlsC 8n @ o@gaglcs aré re%&ly%ﬁ‘fé@ advaﬁl within the dynamic SCF
i'nation wt ana yS| ane,
$¥epet hyl sil ane or tetranethyl sil ane I n anot her
speci fic conposition, the silicon source reagent

[0058] Both silsequioxane and siloxane systems are very versatile. It is possible to introduce mixed
functionality into the core Si-O framework so as to tailor the properties of the porous silicon layer
for specific applications. For example, cube monomers can be prepared in which epoxy and hexyl
groups are attached to the same cluster to control the hydrophobicity of the resulting cured polymer.

Due to their ease of synthesis, chemical adaptability, low cost and exceptional physical properties,
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conprises a siloxane, which is used in conbination

Wi th a porogen, to forma porous low k filmon the
wGaasntase. [ 0052] The invention resol ves a naPOr/US2004/024326

deficiency of siloxane precursors that has limted the

utility of such materials for deposition

1RBRY § cﬁﬁﬁérs‘lﬁ&d o§§1ﬁ€duﬁdx%b bi¥or cérl3RerM1ESRNGRuNH otBNA or lalvAdevariety
annunts of npurities, in such sil oxane precursors

¢S @ERligatigns i gk‘“%?"“&“éf‘?”&‘rﬂr%anﬁP°‘éﬂ’i‘f?r6?i‘F kg dfrer i zat i on,

particularly at high tenperatures, such as would

I Hgggﬂg degradation in delivery
li%éag S\ﬁ% gl%o aﬁ&lﬂg\%&eg?l“ 0 lﬁ{h?‘rlber For exanple, TMCTS
pol ynerizes in delivery lines at elevated
tenperat uges, usually about 120C, with potentially
cat dstrophirc congequences to the deposition process
and |associlat ed equi pnent. 25 [0053] Such prenature
degrijadati on probllens are overcone by SCF-based
pr egut-sotf SteH Wety—and- deposition in accordance wth
the |present invention. Supercritical fluid solutions
of llow k Tprecursors are readily delivered into the
growt h ch er at| low tenperature, e.g., as |low as
31.14C, d to the low viscosity of such sol utions.
Furtiher, gt the point that the pressure of the
supgrcritical fljuid solution is reduced, the solution
undgrgoes prtz_fxpansion in volunme, to vaporize the
30 precur tqQ a precursor vapor, with no ancillary
heatji ng rqqui rengnt being required. 10 WO 2005/ 013331
PCT/|US2004/ 024324 [0054] Thus, the SCF-based
depasition technigmes of the invention, in application
to low k flilm precursors, reduce thermally-induced
pol yneri zati on of precursors such as sil oxanes. Mre
generaIIyI{thernaIIy unstable low k film precursors of
variant types are advantageously delivered to the

%ge?é%:? &h R? iﬁ&gé{g&ﬁ?? Ved RGP RS edaR0 JiRe Iafick b T-C.o arvlond €1y

es 0] oxane précursors I ncl
myo\mwsnessemlrs pevsi e farpele 6P c wh%wa yacé}sFefwdePendenﬂy

Meete@ H6:H HPOLBQ88), CNe) dudayic@rd)piyl a8d OXEdewoxyTet hane,
hanol , di net hyl ketone and sul fur hexafl uori de.
[0055] In one aspect of the present invention
[0060) | Silseygiokames kavkiadvanfagesnavei twir sdoxees cquinteipertsl schuds duigher glass
MrinS{'R Péf?r?xo%ﬂi tﬂ&éa'se\ﬁ%en}l 156 Eﬁﬁ!g' Yut! %%L&%%s 4 gharacter it would

qucurso ?03| MEeSOpPOr ous

graerirdfiluahench prigmary epldiot Besplbledk mpg S‘(@B@)h%"’ﬁYeﬁ itthap pgsn found

§m hx%le@hl& rv@eﬁ%ﬁ b8! 26Tof SRACRSuleOdre Sole8le 1D most organic solvents.
QSition og% otder SQF ol vents can ge on reacti

SR ply St kel hie a8 e et 3R YEr e et R e rescive ion

tthien g (REE)edhica thep atragura hsimiBe cathsteof tSi@y. SECaddtidn, kilseqmioxanes exhibit

g)é:teﬁe%%ér%all, Q¥iRY ra&ﬁ?@ st!ib%lﬂ?,i ggpd mxj:chan%laf ﬂ%p@ﬁlgseﬁd E)n:gllent adhesion.

[0061] The SCF-based compositions and delivery methods of the invention are also amenable to
the formation of high k films. The deposition of high k films from supercritical and solvothermal
fluids is a technique in which reaction occurs in a pressure vessel, allowing normal solvents such as
water, ammonia, alcohols, carbon dioxide, etc. to be heated to temperatures far in excess of their

normal boiling points. The result is an increase in transport properties, diffusion rates and solvating
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need for energy intensive drying processes, and the
products froma pol ynerization conducted in the SCF

w@e@sissBated in a conpletely dry state upon VRCL/USZP040624326

t he deposition chanber to renove the re- gasified SCF.

15 [0056] The SCF in general has high solvating

phuptrtiestof khe sélvdit. CEdsedhciosDdnite deRiively 16V Bn’ﬁér@ﬁtbl rsglﬂllie‘éls of cr}f'stals, bulk
[ an nd sils i oxane he high solubility o
tspﬁ&’ggésaﬁl?g’énufﬁ%%?tzmﬁnﬁg%rgmgég@ V¥ %on el ininates the

need for high processing tenperatures enployed in CVD,

t[‘ilﬁﬁ]e hlyapBHéahéH tBQ‘oﬁﬂaﬁoanf%mh%aterﬁﬁ ﬁ?&é AeSike Wk §6F media enables film
t er nmal duced rel’m e radati on of precur sor

RS P PR HelNe00 G5 asfeslt Hosied etisy e pieged employed as
di s et thliigh e filnhéah @b Bf an? Quifab10 %]a al\afropriate @d thé apbidfital fluid

§%flf g d'yné] B 20 %)oubS tJor(r)nVev% lé glr ec1910 substfaﬁ ! %glgh‘l?tgfg |0F gﬁl metal centered

ased precursor 0
icoroRaUpdsT G- i \mh agfieta icente siish hse&a §1a La, Thadri TagPta etdi, @k emtpoingls such as
Qg Elwldegfﬂ cilike@natbsn ceﬁ‘bonﬁ@st B&d&‘oxﬂﬁé ggelta@és fog%fteg M oes lTahdes Cs-Cio

mesosco i c_conposite material havin stanti a

PEGUEE ™ H?Péf@g{éi‘q zad triphenyt Bispputh)) (-G lsp%lflé%b%@?sloitwo Or more
loahefossgoinfle di el ectric constant can be varied by

sinply increasing or decreasing the |evel of

porosity. Subsequent vitrification of the conposite

éQ‘\G@ic Pineecths pldrigneicthdiprepgingieompounds faorvanyfsignifieantly dramiope to another,

@%Mﬂ@l’j’ 1@ Bolg Qﬁ%ﬁ-‘golﬁuﬁﬁtﬁlr BliBest Re ‘ﬂ&h ajxﬁdlt%let)ﬁs@gw slvent can be

produce desired porous fil
%Wg@araﬁg ghth? e based W@a%ﬁqoy e &t ﬂlééasﬁ\ﬁ%‘fﬁnwft"ﬁi”?? and the co-
tsbieendmﬂm polafBhdn-pokit fid OG0 5B sEiadnh arkil doSOREHt @YedBEcaAM of any

i%u Bt grgg With, cargcal dl?xuf% wa?err%axq\llr%{ng?}%rltlcin\lfagblfsh%olio : gmguse%lly emﬁoyedm
fammskofgppha@homfﬁfanﬂmghlghﬁdﬂm-operti es of the porous
silicon layer 30 for specific applications. For

e, ube rs.can be prepared in whjch
1oheh, EW? P@ﬁ%é@'@seéfimeﬁ@cfomswﬁ@ o€ firaveition iy b giployed fo
PEodrsod Ideltvhl@ th ytedr sopsneb; 16 iftryn Wfriet Rgerk, &Sg4ldf ITiRG, Ta, 8GN, WN or their
Q%Jreé{@%m% mﬁ%ﬂ&s,l o ﬁtet‘rgc; rec‘ta'gln me?alhza orr]1 srt]rg S hep%opper aluminum or

and ‘exceptional ﬁ%y
pthepaetals, e@etal ailskys\/@d’@@@!?# 038 BicoRTTILSDEIBMRS.0 228 2Becursors for such

Biﬁbésb dreRRLIVE En?appﬁﬁ% Rdurid 1 SEH He@X 308 SonBELEWith the heated substrate

era uni que potential for a wde variety
%ﬁgFﬂ"é‘Hi"}@?}?dFWeﬁ‘/\ﬁPW ‘conventional organic polyners

are i nadequate. [0059] Silsequi oxanes have the

f[(fbkg] °#\4r %Q“rigrqg}gy%oﬁnaﬁ&, %ar§ér’la?er precursor materials may be of any suitable type for

forming the aforementioned nitrides and silicides. Illustrative precursor components include,

,_.

without limitation, titanium (IV) tetrakis-dialkylamides such as tetrakis diethylamido titanium
(TDEAT), tetrakis dimethylamino titanium (TDMAT), and pyrozolate titanium compounds and
other titanium amido and imido compounds. Illustrative tantalum nitride (TaN) barrier precursor
compounds include, without limitation, Ta (IV) pentakis(dialkylamido) compounds, such as
pentakis ethylmethylamido tantalum (PEMAT), pentakis dimethylamido tantalum (PDMAT) and
pentakis diethylamido tantalum (PDEAT), and their W, Nb corresponding compounds.

[0066] For nitride barrier films, supercritical ammonia (T, = 132.4°C, P, = 113 bar) is an excellent
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O 1 S n R 10 wherein each Ris independently
selected fromH, Cl1-C8 alkyl, Cl1-C8 al kenyl, C6-ClO

wa@eops/osa3el C1- C8 al koxy. Siloxanes in turn haveCT/0i82004/024326

formula -(-Si (R (R -0O)-wherein each Ris

i ndependently selected fromH, Cl1-C8 alkyl, O-C8
adlkeanybdiunttor fBilﬁm@m}ﬂde A b@lol@ys&hé@@tmd dul[n@QﬁiHecomposition of a metal
?%ea%?g uélggr%?dgl%'? AR d;';lc%\é]%r)]s:i| ad ?hs lp§¥1§le repctiy Ji%ls %clerlas ﬁ)éﬁl rr]l‘lsuide formation
tienPHs ettvupléneahld facmtﬁteéaéreerdtrhe nmtamstr@bss IphremeterDBIEh tippressure and
ttéﬁﬁ)'elratufér \Qﬁl?m :pér%ﬁg]e Cﬁﬂrﬁt’é &}&I ﬁ{egrade& ﬂ’tﬁlﬂl ;{i’oceé%g,blﬁetﬁ)iﬂ@cﬁﬁs&g having

t
SRR 8, SoFR G e B A RPUEE. Fgqplictions i whic s
Aediredio laddid ddeGiproduok oE-b:Sdedhet 8 YReburStsatidrdféredar e
soI uble in nost organic solvents. Additionally, such
ol yners have the advantage that they are nore
d@é‘r’]s Forrfermationoofynapiah nitiidecliling esupepaiticad tagbrinriiox{dRl (BFCQy) ircapreferred

iRickitical ﬂﬁigtsbl(fé?lt kificeSthdtly | fades iR ol e, 06, ld0%: ard HnsmbleI in such SCF

addi ti on, i | sequi oxanes exhi bit éxcel | ent thernm

SR cHus, d\lﬁfgwag PaBrEepergred iy dhsSGRauhai acrsqctaﬁtrsabré? for eagrying out

adadwe Aitglati@nkingaNh@sihghe dedBmpdH6nlf thhitabpecuaas ed
conpositions and delivery nmethods of the invention are

al so anenable to the formation of high k filnms. The

96 The iyeniém thiis gpnismpatdsip ofie aspackthpeaf.or depdsitigh pragrds for the growth

90 batRdrNBYeBisingfshptr@ificdl $uRs LEF mugééethérgbfmA Qﬁbefcﬁﬁ'&t thﬁ solution
occur.s | n.a ressure vessel oW ng nor mal  sol vent

SOTEAPiBE iy 1aYeE RAFGHPCS it F%ecﬂxz BHB Grieaipbibefgte sutace in o
éyramict delitoazy Ip&agtsed The diranieefredessr Alow de film te)@(ﬁﬁ Sorfihuously on the

h
Etﬁ)g&arte suﬁ?cre% le 919 Ib{)gro cg%engag ed ;Il-W i ﬁ?glcg S (?(gﬁ Sé)gutlglh GSmce the

PNCrease in trans properti e

stpnigitigands arel soluple @@@5&0@ EQIE@II PEThUSTEI@RIABRE on the growing film

BERREE higsizf the solvent. These factors enabl e

relatively |l ow tenperature synthesis of crystals, bulk

powders and thin filnms of many different materi al

$0069] e Tite. bafrBOBAF nlatericipmiplieiab itenubsaat or ﬁmpﬂa(ﬁiae 01f thé) ingehhti&m include
&)&rdlf?dglﬁlm g%/rﬁ%r%atetg?lgf tagc? g S&Lgl%%m'g%%%rla S ﬁlb aree ofk tthrenil]l precluding

sapinfigipgithk PW@rqneesof dllfﬁlélommd@mgraﬂlon@ﬁpﬁl@y@@lsaéiarr@ materials include,

it lisiRdtiod, ShtalulE T ﬁﬂalﬁmfnihllcf@ (B, B sfddh Iﬁﬂﬁhé @'Qélﬁ), titaniom
he supercritical flu

te t
Bl 570 BREmBFicrr ifde dTDROY Biwisn Ca BV o plbdenum nitic
QUES), wéhbrein xlid dquist torthd valBeyaff the SR falpedit lirfthe €igidé &npdund.

[0070] Considering specific barrier metals in further detail, Ta is an attractive barrier material due
to its (1) high melting point, (2) immiscibility with copper, (3) high reactivity facilitating strong
metal-metal bonding, (4) good conductivity, and (5) ability to form a low resistance ohmic contact

having excellent adhesion to metals, e.g., copper.

[0071] TaN, possesses various advantages over the pure metal. For example, when a tantalum film
is doped with small percentages of nitrogen, it forms TaN, that blocks grain boundary diffusion J
pathways, thereby constituting a superior diffusion barrier material for copper and copper-based

alloys. Ideally, a barrier layer should have a dense, amorphous microstructure and a smooth surface
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conmpounds, e.g., with a netal center such as Ba, Sr,

La, Ti, Zr, Ta, Pb, etc., are conpounds such as Cl1-C8
wabdoonides, fl-di ketonates, carbonates, hydr oxPABEES2004/024326

acetates, formates, nitrates, halides, C6-Cl0 aryls

(e.g., tetraphenyl lead and triphenyl bisnmuth), C1-C$

By hro-BRgis.conbi nati ons of two or nore 10 of the

foregoing. [0063] Since the polarity of the foregoing

conmpounds can vary significantly fromone to anot her,

[0e#21 iBywosirdllingitife depdsiion pracksio rvary dhecamongitod hitrogen it the fikm tayer, the

Mﬁ&glﬁw sg%? Ay SI'aN ¥, ffky GRS ngyeg%dlﬁéw “Qfed ”L{ﬁ&éb?lplr&(qdmg a large

I ncor osition
s Yelowdanbankr @ﬁ@ize@naﬁd thepirogtgLin SiSIAR et e film sructue

M gad frHRR-ADd Fasel th Wl 16w S&stibityWae-TI(E pIie@é VBiBieastigGhe N, still further

co-sol vent eci.es can be ab

i S GG AT TRkt ST vAing AR TSP ToN 5B eood copper

dﬂﬂmmh@hmmh&mmgwusmﬂmhéVdﬁﬂptmwednemnmavwﬁ@eawamm@mypcﬁmﬁwe
igh k films. [0064] In

@%gj%éﬁ&gggigf&ggéﬁfggggaQhep03|t|on conposi tions of

the invention may be enployed for precursor delivery

ﬁ)®73§ hRsSub &t frdnfhoud atdrr tﬁ&tbﬂﬂlﬁiis ekrylha¥ Rbher @ifighion bﬁﬁler properties.

TaN, t hei,r nd ing s lici
B A i
mpperamoaalhwsn lapgmhasrno2@aip thhedaniee tt@ e as Mfualbn ahthofos coppgr atoms.
Iga#e%reglﬁmfaﬂmg %Hﬂfom%u&ogﬁsn a%&@u%aure ThorP GR§EH: SRk Smorphous

ose are dissolved I n appropriate anounts
barriesomd g pl&h e L BA B BTEHCHR XP SPRISEOBS s QRsPaRt Bvention

&ﬁle%@ﬁ@ﬁlbreg%ﬂﬁ%d fnlofBr a@ﬁhcﬁtﬁﬂs slesd inedtioapt eri al . [ 0065]

For barrier layer formation, barrier |ayer precursor

materials may be of any sui t abl e type for formng the

@O ] edreorplioon Wi, midt MoNleshibinekcellehtibeirigediffusion preperticstagyiest copper up

/Bl whit ﬁ@?@&f‘iﬁé‘kﬁq Hsrl%g %twe ﬁéreWnﬁxtk%& ek Hlmlél(ﬂltthagr&morphous
I a

tltanlun1 tetraki's am des such as tetrakis
WiNetdus lopnastiglaclease céﬁ}ﬁemn(ﬂpwmA*V)WNtaé%%W@Peaauﬁé% hyl anmi no
tltanlun1(TDW%T) and pyrozolate titani um conpounds
PR P b AP RS RTINS compostions in e
pr@cmpmfnlctsm{em irglude. viiorl dhllﬁtraltwﬁmxml%@ﬁ speqific aprigy precursors include:
pent aki s(di al kyl am do) conpounds, such as pentakis
et h I thylan1do tant al um ( PEMAT), pentakis
o tantalum (PDVAT) and 30 pentakis

di et hyl am do tantal um (PDEAT), and their W Nb
{ : r -3,
%R%WWSU B FRREHBAR, 1R b (SRleyig IR, et 3.5

e@@atahtlt@mbﬂﬂll)e@?ﬁlgnaieé avxb( 013331
PCT/U82004/024326 solvent nmediumfor formng nitride

B Y, sol volysis reaction during the deconposition

tantalum (V) ethoxide, tantalum (V) methoxide, tantalum (V) trifluoroethoxide, titanium (IV) n-
butoxide, titanium (IV) t-butoxide, titanium (IV) ethoxide, and titanium (IV) i-propoxide

metal alkylamides

15



10

15

20

25

precursor. Since during thermal deconposition the
particle reactivity is very high, nitride fornmation

WO p00&/0NB31 environnent is facilitated. |n orderP@DUS2004/024326

mai ntai n process paraneters such as pressure and
tenperature within permssible limts for integrated
Fontaik(dine My RGRE)S | n&ualﬁmt alvpr egdataRigEtBylitetiytghite) tantalum  (V),

FENERE R R

deS| red to avoi d oxi de byproducts, non-oxide netal
REBCHbaRIS are preferred. [0067] For formation of

metal nitride filns, supercritical carbon dioxide

(SCCR) is a preferred supercritical fluid solvent

Slo (@Y, s M(Cgrses i ncluding H2, 02 and N2 are mscible

in such SCF solvent. Thus, nitrogen can be

i ncorporated in the SCF fluid as a reactant source for
108741 yAlguehiat of theforagaing papmovids havel arpresiable sqlybiitn varigus Rgt media,
¢ Qec@e&@/emm, trle @RidO@ontabithg Rk R pre i DR &, dikek dABEnd Imexmes) will

t I t.enpl_ at L
N ERr B B B SRR Bheget o S SRR Sapaay
fierh depomipigaition bf the oxidle frécuisoks araintble mtxltatuqy_lasude Ipecaredrs will be primarily
ﬁsg&) Rl ﬁlr Idé og E‘An of Ithlé ggra Zlﬁ!l(i’ég 190'9 s1 d&ﬁ)enod eP'la Elﬁ&)nqgﬂt&h precursors

cursor At o a
wﬂdﬂeﬁtmmb@wm@e sych aasﬂaa%mémbetytj%lﬁp \ﬂé}?eydlp& ele:élwolvepﬁ@-solvent

AKARR I mpBY QA GESHedtid dRYitbR Brdnlidddht 0 grow conti nuously

on the ?LS substrate surface while the by-products are
carried away in the SCF, e.g., solution. Since the

PO seful inganonkectanseribprabirsersi inclide,ewi$OR liitatien, ortal bdtediketonate

&lpigl% éﬁf;h Ss R@?g% glg}la‘%ﬁ bEP a&(ﬂ&s ele %ﬂ nggtbll fﬂ?ma&y En{dalﬁﬁal acetates

mnimze The barrier layer materi al
ﬁlllel“édwtséasﬁ ugtibstrate in the practice of the
i nvention incl ude copper diffusion barrier nat eri al s,

R Pk e 8 67 P Rr et B Bty B e e Sposion

cinfpbsitiinaan asefhllyrceptadrt dpdinnab fo-whdrats snalitag kmmoiia (¥H:p thydrogen or other

;gg&cg{ C@Ire; defdcl ude, without limtation, tantalum (Ta),
tantalumnitride (TaNk), tantalumsilicon nitride

(TaSiN), titanium nitride (TiNX), titaniumsilicon

[ot9] i Bierice TaySi AN), metalllﬂ@ﬁin&i%pd’siubﬁ bpibHcafidiiDChn 86 dartidll gub cheany Fuitable

{rx]llﬁrtg% Iwgsterg%agdvgne obltlon npr{)(i;c'ss Fxrt ex qg lth SC%%as%cri] g pé%%%%po%ftmn can
mv@i@rqnwghwmlﬁ |smfabamra| celrtmm alamer, o ¢ifpetichrtinuehes il rowth on
-2[1@ sﬁb%ﬂkuﬁ&c@ rv@ﬁltbly\f)?odgcqsr Jf'tl%rdeﬁ@ﬁlgl{ lﬁe% g c%@d av?a? il Be éx§1§,15t stream of
1) hi poi nt I mm sci ty with coppe

wyrcmﬂcglhﬂ%@ett ip 3}8%%?%89% eafeporifion ¢ 96‘!’?@‘ ptamativebe the SCE-based
b@ﬁﬂﬂldﬁgaomﬁéb)ho@m bé&fhds&p&ftdd\ftb tayvapérixek, @vﬁérelfybﬂhé Idépj)sﬁl@l composmon
H&%Igg?S 6‘ ﬂ)l 8&)%%03}3%({] vagorézes 881‘68191‘&0? %‘%W ep)rr()egzgrgoer A Spe()l' Such
vappiition maj\bemarsigfbaut awery low @n}p@m@reneg abom Emperewanpiﬂeﬂle resulting
BideihoPycb it 4Bl bild tf ool BB shulacs [kdw REBSERI A ERreon.

nitrogen, orns TaN,; th | ocks grain boundary
di f f usi on

[0080] Since precursor components are in many cases quite reactive, the selection of supercritical

”d

fluid is important to ensure chemical compatibility of the deposition composition. The supercritical

fluids useful for the aforementioned barrier layer and metallization deposition include, without
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30 pat hways, thereby constituting a superior diffusion
barrier material for copper and copper-based all oys.

WO d@alolds31t a barrier |ayer should have a dense, PCT/US2004/024326

anor phous m crostructure and a snooth surface 14 WO
2005/ 013331 PCT/ US2004/ 024326 free of m cro-defects.
Q4] cBYNEQ Ot 8/, N dohenddigrsi tion process to vary

the amount of nitrogen in the filmlayer, the

resistivity and phase of the TaNN,, filmcan be

(081 & p oartieulay| agpettt ofiibel presanh wvenktin, (FCEvhiagH igpagition cgfapositions are
uQJﬁﬁféree?iﬁalo%dq ﬁ)?‘%rtrﬁ{g Qg nflan2fioh r&lziﬁta%&éﬂ cifdRitrd R@bstrates. In such

ogenin the filmis_increased structure

a&’h‘iﬁ@ﬂg@% S‘I‘He{‘}ﬁﬁ“‘él Q“‘?efaﬁﬁ%?%sea loy %\“fF‘WIfSE’& ey technique for
desitidRddppBiais Gilmsl il 6def GErich ghdthiph adydct $dtib via struskirdser

creates a m xture of anorphous or nanocrystalline Ta2N
and TaN,, phase. TiN,, shows good copper diffusion

[0082) iThe inpengiprethts engbley Fyinpthed Qfdovq'mexgqg{e 1pgtallizgtiqpoysimg supercritical

ﬂ:'ﬂﬁl 5@9&&0&?8@#[9 03 @H&mﬁﬁ%ﬁfﬁeﬁosﬁ@ﬁ @@@?t A ¥@venfitd Gts E@eﬁ:ﬁl&al state has
ower cost o precursor 0073

P&Pe@%ﬁﬁhé%‘tyrrﬁ’ﬁ%’ﬁlfyaﬁndtdﬁg‘t““@knﬂ\abﬁr? gﬂ%ﬁﬁw ﬁblggpds gaseous
sdbstahees,i With haarﬂuidelsehm@pemdmsmgh Sovappehatactrs amhthe rliqeil Hehavior

cal | er di ffusi .
%‘X‘g’ﬂ.‘@re‘f‘f%@§ Bﬁﬁﬁl’g@ Cirag DO IprogS S1es SF:aﬁléeg até!s!e gémlﬁc II])roBertles can be
dostineouslyamijusied Getereen thdatrd kigyiidelike dwvt small vdiiftionss inpfgmperature and

£AROEE VR thm@%wtnalntalmng uni form
&&E&ezgh%thneqﬁn plt%rrseﬂglﬁ S ructure!é is nore difficult
vvlth anor phous barriers, and thus such materials may
[0es3] essoppedias emdudama;s@rmpoajam Witesdin lnipidy mlatnmeqmses @retrequired,
th Flly ggq(ulr%rfl%lwgﬁt s%;ﬁrcn{lcra]lg gﬁ@r%ﬂ&@ §{ g rb &Lﬂ&f be soh{R’lﬁX in the
mpﬂdcrit@lll finidgledt iséntplayrd @hd @nnoswﬁqswelrlblmeﬁ g &Woaﬁ 10 grams per cubic
REQRE LdiRst a?&%l‘ff&%htfﬁ%ﬁs%&t up to 800C while
polycrystalline W\, is ['ess effective in preventing
copper diffusion than anorphous WN., due to parti al
[[)ﬂﬂ4]3 ase uefof Riptrcopelfluid @mppsitops MiMivat coppenprecursors for contacting with

a heQ[%? su%gtrléll{eqo depgs(?ﬁ%?c%épr %Weﬂﬁ th\é%él']:ﬁta)fcogf QQ&MB lifelinvention may utilize

recursors I s ase conposl ti ons 1 n
ecnlnemtapip seppérpeccwrSorsprsics. nTherpRRenPreoyEspy dhat cambprptilized in the practice of

élu%ﬁtfoﬁt hMSieCXANR88 aﬁ&ﬁ 18{99\9‘0‘1&111@ &@ﬁd&l&éan&ﬁ£ﬂw Séhdunds and
i nclude: 20 Metal 3- @H%g at.e

qoglp]eéeét% Wm sy chemy g ?p%ltlon(o\r/)oﬂler vapor deposition
faétRdds.a aindaX yhe ,coﬂ:féﬂplééulr@(szhaz cffn, - debiverantet doydrerBicd fluid delivery are

hept .onato) tit

504 TREFLERE) Lk 3] Al cp ) BB ELi o s
toaper €) umilds)\and Frewik base afiducts o rdteafome(lm copper (I) species.
trifluoroethoxide, titanium(1V) n-

[0085] Supercritical fluid deposition (SCFD) is a process wherein one or more precursor species is
solubilized in a high pressure, dense supercritical fluid, such as alcohols, amines, CO,, etc., and
subsequently transported in the supercritical fluid, along with any other co-solvents, surfactants and
other components of the SCFD composition, to a reaction chamber containing a substrate. The
SCFD composition is contacted with the substrate to effect deposition of the metal from the
precursor on the substrate under appropriate deposition conditions therefore. Such deposition

conditions are readily determinable within the skill of the art, based on the disclosure herein. The
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25 butoxide, titanium (1V) t-butoxide, titanium(IV)
et hoxi de, and titanium (1V) i-propoxide netal

wabdoghomssdes 15 WO 2005/ 013331 PCT/ US2004/ 024 326I/US2004/024326

pent aki s(di met hyl am no) tantal um (V),
pent aki s( et hyl - met hyl ani i no) tantalum (V),
bk ?‘d?r&gﬁ%&"%ﬁg Sﬁﬁ"‘b c%hlf)éﬂlbﬁ‘ PR that the dense ﬂu1d is converted to a

tet rakl 'am no) titanium netal carbony

Wé‘é eéﬁ Y mr@log of D PISUIsal forp gbsfphéqqanq) f‘onpaﬁlén of a thin film on
the se”&i ofl he TRATFUAEIS subaMR vaRERd hidr €hedaliddcdohdoyitién)

various SCF nedia, e.g., CO2 and/or NHB t he

oxi de-cont ai ni ng net al precursors (i.

(0886l The suparstitéos! Huidispedideavely desoine iistagces lts)éhaprp puffigi¢nt solvgtingcpharacter

{o0d1veBGnd F@&I%OI o ‘ﬂlté?efst Oy EUCB rcirgﬁrﬁtaﬁéeg Ch é'ﬂﬁfogx@ate co- solvent can be
cont am nati on coul nor nal y arise from eCO oSi ti

grrlevee e &@F&a@é &P@qum% el TioFrasenibe splubilitg pf é‘i’ﬁ‘tﬁ énatenal(s) in the

SpaEticSoflGd. Wi ok daemlé, | SoBbilityyof whs@ld cdiiofis inheupeke@sl Hhid such as

%up?rfrg{lgﬂ & dﬁ(ialg})?ﬁn:l}%“%%q' \815181%163'[% rcélhpi%g%:qn sall{n%lg%abllle aleeblF ligands such as

eisttonazsl, caborotuteascyslppeatadiergnphetyldy m@m&sr—l@n addléior rtrd$unlg ligands as

%gtln&pérg’ilvé’ ﬁﬂtlé&lﬁy §3%h¥§i&& m&} &tsuéhel%aﬁ‘dg Qlarpy@xqarhﬂctﬁred as fluorine-
speci fic_deposition fornulation 077] Usefu

fref OFpRRHioRR o AERRYY &1 Rkl 96 .ﬂgorrnﬁ eprma@natwl Phbagtier surfaces that

touldl kiREwiRRedubidladiricd) Qérac theiinOd TR int@meLIIE BYkS, such as

(hfac)Cu (1) Lewi s base adducts, as well as netal

formates and netal acetates and their Lew s base

KO8l cGopper PEciORY Bt dap be baplpyed in thaBEF-besed precussor opmpositions of the

ACHRAS hiiR, RBhi1eAb RN Ee follVinsYehreP ragfborGRGs! t i ONn

conposi tion can usefully contaln optlonal co-reactants

such as ammoni a (NH3), hydrogen or other reducing

@pcueack ants. [0079] Barrier |ayer and netallization

deposition applications can be carried out in any

suitable nanner, as regards the deposition process.

2oru@dhnpl e, the SCF-based deposition conposition can

20 be delivered onto the substrate surface in a

@ﬁg”@g@gus manner, to effect continuous filmgrowh on

trate surface, with by-products of the

deposition being carried away in the exhaust stream of

ayesbsk),tical fluid that is discharged fromthe

deposrtlon chanber. Alternatively, the SCF-based

deposition conposition may be transported to a

GAPaCHBRr , whereby the deposition conposition

under goes rapi d expansi on and vaporizes the precursor

w)gggn?qg(s) into precursor vapor. Such
u(oxalate

(7) Cu(formate),

(8) Cu(acetate),

(9) (VIMS)Cu(hfac)

(10) Cu(tod),

18



25 vaporization may be carried out at very |ow
tenperature, e.g., roomtenperature, with the
WO e®alo1i3ay precursor vapor being directed ontBCT/082004/024326
heat ed substrate surface to grow the desired film
thereon. [0080] Since precursor conponents are in
(BoyceARES quite reactive, the selection of
supercritical fluid is inportant to ensure chemn ca
conpatibility of the deposition conposition. The
(R)efdimi)t i cal fluids useful for the aforenenti oned
barrier layer and netallization deposition include,
wi t hout 16 WD 2005/013331 PCT/ US2004/ 024326
(DEP&tFon, €02, NH3, CH4, SF6, N20, CO, and the Iike.
[0081] In a particular aspect of the present
[ I on, ~SCF- based deposition conpositions are
(b§§$G%F Ii1é(r)1ployed for form ng copper netallization on
integrated circuitry substrates. In such application,
5 (ddeugRpreritical fluid facilitates a | ow surface
tensi on, high-pressure technique for 5 deposition of
copper thin films in deep trench and high aspect ratio
(Wé)Zugforait ures. [0082] The invention thus enables a
met hod of | ow tenperature netallization using
supercritical fliuid deposition (SCFD) or cheni ca
EADEMEYH a9t i on (CFD). A solvent in its supercritical
state has properties, e.g., density, viscosity and
bf [V that are internedi ate between fluid and
(ggéégﬁgﬁhg% stances, with the fluid behavior including
hi gh sol vating character, and the |iquid behavior 10
anebyvdongoenes! | ent diffusivity and transport .
properties. Further, these specific properties can be
conti nuously adjusted between gas-like and |iquid-Iike
10 (@9) Gurehteflupeophaayl) pmtamien t enperature and pressure
wi t hout the need to physically change the sol vent.
0083 conpared to chem cal vapor deposition
&H@V@kﬁﬁﬁﬁﬁ%ly vol atile precursors are required, the
only requirenent of supercritical fluid deposition is
%#ggnthe precursor be soluble in the 15 supercritica
urd that is enployed, and in nost cases solubilities
as low as 10-6 granms per cubic centineter solvent are
sobd £ peitafed 4-Hkatd r ansport. [0084] The use of
supercritical fluid conpositions to deliver copper
precursors for contacting with a heated substrate to
repo bphenglpentpppdd-diondtyr il m thereon in accordance with
the invention may utilize any suitable copper
Eregur or %gecies. The copper precursors that can be
PPEicYEPci#i®he practice of 20 the invention include
non-vol atile and low volatility copper organonetallic
%&Hg%%qﬂaaﬂﬁﬂmm&gﬂphﬁéﬁﬁ that are otherw se unsuitable
or chem cal vapor deposition or other vapor
deposi tion
dmhd = 1,1-dimethylhexane-3,5-dionate

15

MHY = 2-methyl-1-hexene-3-yne

tfbzm = 1,1, 1-trifluoro-4-phenylbutane-2,4-dionate
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nmet hods. Anong the copper precursors that can be
delivered by supercritical fluid delivery are copper

w@ Rdop/033ai ket onat es, copper (11) carboxyl at es, PCDPRI®N4/024326

(1) cycl opent adi enes, copper (I) phenyls, copper (I)
am des, and Lewi s base adducts of the aforenentioned
GOPBE 6 (dramBBARIRRe-3, 25iohAD85] Supercritical fluid
deposition (SCFS) iS a process wherein one or nore
precursor species is solubilized in a high pressure,
token 3,2, 7 srimehrydoctabe- L &lliofdtaui d, such as al cohol s, am nes,
C02, etc., and subsequently transported in the
@ﬁﬁerpritical fluid, along with any other co-solvents,
FaBylsyrlodeX¥pd ot her conponents of the SCFD
conposition, to a reaction chanber containing a
é#%étnﬂ%8<(£&§PeSCFD conposition is contacted with the
Substrate to %ect deposition of the netal fromthe
30 precursor on the substrate under appropriate
WEN9Ss vinh@ine@RMinti ons therefore. Such deposition
conditions are readily determ nable within the skil
of the art, based on the disclosure herein. The 17 WD
2005/ 013331 PCT/ US2004/ 024326 tenperature and
pressure of the SCFD conposition is tuned so that the
dense fluid_ s converted.to as-|i ke phase to. caus
QSR i Yo O EIVESCSaR £ PP B (eI FEiStcgygf the Tvention for
dnBanomE the Bolatilitpof the prechiisbrrin e SCF benp®sitidna der exhmppl) én the use of copper

cal ly heated subst.rate .vj [ 1Lcal e
(S B i ifon? RShAR o ofab HEAB! 1B Pt GRS R addtve
treyhaigs theonlbilityof the preerrsen t In leph eppdigation. dicd RA alse polsens p FRgucing agent
&b ARG LEIP td BuEP R Be THIE itRIES WkdREd RS ackidheedB@BE thel d¥position
such circunstances, an appropriate co-solvent can be
BP§StSoyed in t he SCF-based conposition, to increase the
solubility of solute material (s) in the supercritica

' For .e le I 14 ' ' .
b8 YoreBlnafYFP e S0l 1! ot Bl Bl A ol i some
applicatioe diugite Feimgivatinesonphios diganéwrandifisi #igpoiatedicapability for fluorine
c%g{aﬂglla@onltdf g@ﬁ%si@f}' Edbp@Silm, Qs ALK RLRBAMABaterfeRl TMeNsaliBBoffluent of
opent adl ene

cycl ope henyls, and amdes. In addition.to
8 6T oD FRrEsSa dhey GoRIOKE T R BIERY PO S B e pplication, where
sy8d hesdiat@ddwithTBlgdrin® fares insiBnificagiamdsthaaiie e o ivofasic thel rusdl of such
as fluarine- free coppositions, to elimnate any
POEEPBA Py ST FI487 'ne cont anmi nation of barrier
surfaces that could otherw se reduce electrica
fo) acd anriﬁlﬁ(ixrﬁfltad%é@tt dﬁft}tetﬂ?&eﬂt givﬁftiﬂiﬁ ltdaéolsi'tigq éfaitieﬁdl thirl 9188 Gding SCF-
PPEr .precursors at _can_be enpl.oyed in_the . .
SSeied seBI T I CEP RS BT SRTA, RGP S!S fo volail
mexell prtersorsvihbinoaild dthendibeeliel necessatyh Byfralbtighangquiempe of volatile metal

rreceu(r:s%rrs,sglg S%F%gsgs?eﬁ:deI;]()?iti&T’L?ec}Qiﬁ(lgsccﬂ‘ctﬂchres{e&) in@ﬂ{i&lh&)/i%te the need for

fluorine-functionalized precursors, which are currently being increasingly used in the semiconductor

manufacturing industry to satisfy precursor volatility requirements. For SCF-assisted deposition, the
precursor component(s) need only be soluble in the SCF medium in order to be transported to the

deposition chamber and thermally decomposed onto the heated substrate.

[0091] In specific application to copper metallization, the invention permits the use of low-cost,
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30

(3) Cu(dmhd)2 (4) Cu(bzac)2 (5) Cu(CHB)2 20 (6)
Cu(oxalate) (7) Cu(formate)2 (8) Cu(acetate)2 (9)

w@ XbMB8) 3 hf ac) (10) Cu(tod)2 18 WO 2005/ 0133BAT/US2004/024326

PCT/ US2004/ 024326 (11) CpCuPMe3 (12) Cu(dibm2 (13)
(COCud (14) Cu(hfac)2H20 5 (15) Cu(hfac)2 '(16)
el vbihE Bdpger (@ 4dd oPAe X Qh:Rfs)for depeaitiod Sek Sla{ IS Without the need

té"e ﬁ%ﬂg&}% spont }gr? aC ISt fé@;ﬁ %éﬁgﬁrﬁt lﬁnlmgoéggor}glg cogtamlnatlon on
aaiet an@ee? andl-rekluoss ateetntaz enditact rdsispinesn yi ipeninetnltie hydss, elich aslte to M2

(‘é)p%ecg%rs ittt u(\??%"th%%dlggign %J tl%lpo?per ﬁlgl rr% %ﬂrlde Rarnefs

- di et hyl hexane 3,5-dionate MY = 2-nethyl -
[00R2X &R QecdrdaYddEwith the invention, copper may be deposited on a substrate from SCF

solution, utilizing a wide variety of non-volatile or low volatility copper precursors. Illustrative

copper precursors include, without limitation, copper (I} B-diketonates, copper (II) carboxylates,
copper (I) cyclopentadienes, copper (I) phenyls, copper (I) amides, and Lewis base adducts of the
aforementioned copper (I) and copper (II) species. A preferred supercritical fluid for such copper

deposition applications is carbon dioxide.

[0093] Since supercritical fluids exhibit liquid-like densities and gas-like viscosities, having
solvating properties similar to those of organic solvents (e.g., pentane, hexane, and toluene),
supercritical fluids can dissolve many copper compounds that are soluble in organic solvents.
Supercritical fluid solutions containing copper precursor(s) are easily delivered to the film growth
chamber for contacting with the substrate to deposit copper films thereon. Since surface tension is
greatly reduced by the SCF in the deposition composition, the copper precursor is effectively
delivered into trenches and via openings with very high aspect ratios, to achieve superior conformal

coating therein.

[0094] Copper precursor components usefully employed in the broad practice of the present

invention for copper deposition include, without limitation, the following:

[0095] Cu (II) (B-diketonato), species, such as Cu (II) (acac),, Cu (II) (thd), and Cu (tod), as well

as other non-fluorinated 3-diketonate copper compounds and complexes;

[0096] Cu (carboxylate), species, such as Cu (formate), and Cu (acetate), and other long-chain
(e.g., Cs-Cyo and more preferably from Cs-Csq) carboxylates. Cu (formate), is a preferred copper
source reagent because the formate ligand is able to act as a reducing agent, leading to ultra-pure
copper films upon thermal decomposition. Even higher solubility of copper formate in the SCF
medium is obtainable by polyamine complexation of Cu (formate),. Copper (II) carboxylates are a
preferred copper precursor species, since such compounds are relatively easy to synthesize, utilizing
low-cost starting materials. Such compounds have not heretofore been contemplated for use in
copper deposition applications, due to their poor volatility and poor transport characteristics, but are

readily used for such purpose by formulation in SCF media in accordance with the present
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tfbzm= 1, 1, 1 -trifluoro-4-phenyl butane-2, 4-di onate
19 WD 2005/ 013331 PCT/ US2004/ 024326 the =
WQ2®50183t et r anet hyl hept ane- 3, 5-di onate tod = PCT/US2004/024326
2,2, 7-trimethyl octane-3,5-dionate VCH =
vinyl cycl ohexane CHB = cycl ohexanebutyrate 5 VIMS =
b dnglt YASF@}GQ}{J %ﬁel c%&eﬁf (A8 §’]1p fedibydg dBpek Qbpbsifdn process systems is

tives can oyed in the broad practice of the
dearepecd by Bia ugef Sucbl‘\’l’fé?ﬁ% F?P@eftpfféur%% ubility of the

precursor in the SCF conp03|t|on For exanple, in the

copper . (l1) curso t
0035 R Re B sr s o R RS eif PRy Shehf Baand i), o cyamole
Cp6iu 40l @Mei. v Buch @recwrsash hra flverinetiise gesl b selibls)ingrentprigeand other organic
tcB6r thEfesdliSRedtihSs as a
Sm’%um ng %giégV&%%&ugfggijﬁgﬁ ?Jﬂacw topﬁ\eQJ(O) whil e the
IPAitself is oxidized to acetone durl ng the
[6YOBI0 Ebpe) ph@tiyDieemfrs, {ufB 8pppEaiypeuaftieplidyldt cappert(f) ebutyl phenyl
forg90|ng | ist of copper precursors are |ess preferred
Come applications due to their fluorine-containing
I i gands, and the associated capability for fluorine
(G000 @B RAINRided Budhs Sifi@indBpeBildinedt) eapner film as wel |
as fluorine abatenent of the resultant effluent of the
deposition process. They nonet hel ess nmay be highly
[60d 06 Al aljeodrts abave SoBspech pixioprsa tarkomylate pigenrsers spahg eepper formate, the
p?%%n? (i:nvg}tl%lg h%latek H@F ‘o&@d Gs1ﬁoﬂ§:bﬁﬁﬂsfhb&%ﬁtalﬁﬁlg at least one copper

rwse & use of such precursors as
PERSpRRY Wb@%ﬁl 61@ ORESY é’Fﬂc’éfSOT["@{If@‘Bﬂ a pigangfh ?tnsﬁ?f?st Bt Tegucing peent for
pQJdusﬂaﬁ oﬂﬂ@a‘hﬁgﬂ%l'éﬁt?\v!%ﬁ&rlfﬂlﬂs ondRasstrite.on of metal thin

films using S assi sted techni ques in accordance
w th the instant invention, relaxes the requirenments
[Pa101]e Iadurﬂllelealtemtvalthqﬂ@dlaﬁesldpwsmmnmmoa cgt gqaprje g SGRthat is
1@85 ??e% agB¥, dr&b @D Brth SredrBMW, rtl%r@ﬂ‘tba&fi d\éﬁhﬂ&ﬂ dBnposition can

ursors, the SCF-assisted depgsit
qdér@ﬁwlhqwsmay cquffen qﬁffeégeévﬂngua%ﬁt PSSR MR £ Pngegosidon on
th®&ubstfatel ‘Sﬁl'taBE éddiieg dgaimator arE pﬁf)@;@ hifaﬁ bé &ad1MAﬂbt61hm&ﬂ @vithout undue

currentl. .n sin S in the. 0 o
S b T e PO
hyéppginraedrBorirepyl #@holSCF- assi st ed dep03| tion, the 25

precursor conponent(s) need only be sol ubl e in the SCF
medi um in order to be transported to the

g nzli tion s and
(0992 the SGE-bassd Id?papl]:ugp Qup 8% %w%ltl?lh garH)g fubgpcing agents an

§thHD 5énkfdi components may be incorporated in the composition.

[00103] For example, in SCF-based copper (II) precursor compositions, isopropyl alcohol may be
added in a concentration of from about 0.1% to about 99.9% by weight, based on the weight of the
SCF component(s). The use of IPA as an enhancing agent is highly advantageous when the SCF
component is carbon dioxide, since isopropyl alcohol may increase copper precursor solubility in the
supercritical carbon dioxide, while simultaneously functioning as a reducing agent to reduce Cu (II)
to Cu (0). The isopropyl alcohol may be oxidized to acetone during the deposition process, and is
readily recovered from the SCF effluent discharged from the deposition chamber, for recovery and

reuse thereof, or alternatively for other disposition.
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[0091] In specific application to copper
netallization, the invention permts the use of

wo omsoss] 20 WO 2005/ 013331 PCT/ US2004/ 0243 2BCT/US2004/024326

non-vol atil e copper (1) and copper (ll) precursors for
deposition of thin filmcopper wthout the need for

[bdmmrbm&pp‘e@ QépRki RN he BCE Ghl Mf?any Siaisle fyb& tichidlnk ] Withofit limitation,

B BT IS AL IR Sl Dol

|nter netallic |ayers, such as M to M2 copper

| [P@M?]Flﬁe Sgﬁ g%sg{rpc{pgéf%?ecﬁ@(? c@glgfﬁlloﬁ)snome &GP RRE] afhighgn effective

I n accordance wth
FPprPRchitP GPPOSIEUDPeoPRPR o BB Ict e §UdrFoapeNlisat ray b Fglpyed in

s&@F ondﬁ&l)rl»lﬁmﬁfactuhﬁgl dpedatitt@ a3 onk L saqadntittdépdftion steps carried out in a
on-volatile or |Low volatility copper precursors.

‘Ihfs et WAL Progesitgar  precursors i ncl ude, wit hout

limtation, copper (Il) (3-diketonates, copper (I11I)

E E@;ﬁg béﬁ gz%ed co&?%ﬁ)ﬁs e(nld)deﬂl%rprﬂﬁﬁgdggf tﬁ‘@ﬁ%ﬂtl&o&{?@zﬁ% dadedable to

am es Lew s base adducts of

nermasipp ks TE spperstitsal i éel%ﬁ%(SEEBb &fergip tye metal compound is
SREIGIIER - thPsupbBitRAIN MEd mexn@ﬂonw @ad rhdtish dhzfnwér $H@#bin the particles

C er 10 de tio c 0
‘Fg%g%Tecgf‘??Elgorg Hieer I@?t%ﬁtain@g L?ngg atexﬁluﬁta |aqhﬁat%d<fug%ate The
dbposition tande andoked ms-nunke Of/w%osﬂltdme ghernimdly ﬁrmlg)r cleofioalit- i ng
properties simlar to those of organic sol vents (e.g.,

ent ane, hexane, and tol uene su iti fluids
B G oo ot s Ve s G cong XD i B, 5 80 1ed o

EpESIE, pofeltiallg Nb:5c, highlypeuldtild j&l‘e@ﬁorsfdrujlgﬁ fodesiigOtamperatures as are
AL 1, R, SRS 5 B0 e . o
lsgtiss tharathese tatiainhble o5 CNDcd;ppe the fsplvating pdvesr ef)the S&F P@@Oﬂent(s) These
%H&fs 3fidng LRASHE f&w‘ersdepgsqtﬁ)ﬂttérﬁfpefaﬁl% GRH 1Ry tEDSERable RudhltBethod to

eposi ton conposition, the copper precursor is
@F“F\?cfﬁﬁta& Blogessipgdimey éffdéHbSF%‘F% retdl‘"é‘ﬁ’&l’i‘é’éoceasﬁ E°s6i a openi ngs
W th very hi gh aspect ratl 0os, to achieve superior

@g%glf]hs H}V%nuaxé con em ates OJJ% 4%) %1?%3%1;? rnglgl {ngtglrag or oxide
thinefilps. eiﬁemplesm thenméhtmecmh e noblp pestal digrshat jcgmbe advantageously
%%tycgﬁy gx k%d?gdalgedléoﬂb(;s%hso&d hdiodf of %@%@%on[@(@l%@]pla@ium (P),

speC|es such Cu (L1) g g
@dlu{rq( r) 1r(1c{1% )))2 & 2)6{]1&?{115@) gu aglth‘%}np oxxgg o palladium (Pcf) silver
QN ahd g0 (ARRSAEh rhdtalchink @leNEidRs ﬁeﬁaaﬁr in CRAPGUOERL lamls in integrated

conpl exes: [0096] Cu carbox e

ajnq;? fp&c:ﬁ%{n%) ZP%%%SOI&J&E Such” meta Ls mc &) ﬁx? f%h 1%31%%%&1963 precursor
¢ompgunds:C8- C40 and nore preferabl y from C8 C30)
carboxylates. Cu (formate)2 is a preferred copper

(i) metal carbonyls;

(ii) metal (B-diketonate),*L wherein x = 1, 2 or 3 and L = Lewis base ligand; and

(iii) mixed ligand compounds.

[00109] Illustrative metal carbonyl compounds include Iry(CO);, and Rus3(CO);,. These compounds
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25 source reagent because the formate ligand is able

to act as a reducing agent, leading to ultra-pure
weepp®133si | s upon thermal deconposition. EvenP¢i/gkmn4 024326

solubility of copper formate in the SCF nediumis

obt ai nabl e by pol yam ne conpl exation of Cu (fornmate)?2.

FORRRNIaY indereSiiiBOosNde A MSir BiAlecbmpBlitRh @dniRANERD P@ther, the solubility

recursor species, sjince such conpounds, are relativyel
ey 80 &g s Stien Ty 4T 5 ingrenPap D {03 AL e Yormbion of
drath@hatedise fillislch conpounds have not heretof ore been
contenpl ated for use in 30 copper deposition
agplications,_due to their poor volatility and poor )
[0 1&%’,@3@@%@%@9@4-&fm@}mogufhe%?ﬁlex = 1. ati3 &pd hrselpvigghase ligand,
& 6dofiahl RAHR: the. TiREtlaoPamtidindéde: medi a i n accor dance
with the present 21 WO 2005/013331 PCT/ US2004/ 024326
invention. As a result, the cost of ownership (COO of
@ Sppavoctdipmi(®iacas) pr ocess systens is decreased by the
use of such | ow cost copper precursors. [0097]
(Cycl opent adj enyl ) CuL conpl exes (wherein L is a
Eg{peragspadiep) i@ aci es), for example CpCu (1) PMe3.
Such precursors are fluorine-free and are soluble in

' | vents, and may be

g@@%ﬁ?&g@%ﬁ%@gﬂﬁ%ﬁﬁ?%%%b%ﬁﬂt éppractice of the present
i nvention. [0098] Copper (1) phenyl tetramers, such as
K9PD6 b-tdithhetRR3{ 5 e tatcaid s )b (11, 5-Cljoetadidnt) t - but yl
phenyl tetramer. [0099] Copper (1) am des, such as
bi s(trinmethylsilylamde) tetranmer. [00100] As all uded .
$ush edmepeends are readijyalissolvsfl ic¥Preediasnehtze uyperstitcalnabendigridesto provide
Bt ASHoGRRRSE he LA IPhfing B8 andkf} nREESERL | nvent i on
contenpl at es SCF- based deposition conpositions
containing at |east one copper precursor, wherein the
PONPEThepiisdlipadrcommnbdiimfidacdnipgandssucihat serves as a
reduci ng agent for production of ultrahigh-purity
cgﬁper films on the substrate. [00101] As a further
&It HD(2¢A8) t he SCF- based deposition conposition can
conprise an SCF that is itself a reducing agent, or
as.a still. further al native, the SCF-based
ﬁ%ﬁ%éﬁ?b%%m%%]m% 14558 Qan 15 additional Iy optionally
contain other reducing agent(s) for ensuring high
Rieinl VnEBRYap GRS SlitRim@V)t he substrate. Suitable
reduci ng ‘agents for such purpose nay be readily
determ ned w thout undue experinentation, within the
sikarbdnylerhetliyfogclapentaditdyl plgtonat® ve reduci ng speci es
include, without limtation, hydrogen and isopropyl
al cohol . [00102] In the SCF-based deposition )
WBKZ L Ehe fogrgaing corpnernds s ipstgive Qfahosg (et ihamempigyed in the broad

AE&I0¢ & tidkkention to form noble metal and/or noble metal oxide electrodes.

[=3

[00113]In all applications of the present invention, the specific supercritical fluid component(s), co-
solvents, and other ingredients of the SCF-containing precursor compositions can be readily
determined by simple formulation of the specific precursor(s) with variation of components, and
characterization of the resulting deposited film, to determine the specific formulation appropriate to
deposition, in the given application. The process conditions for deposition can likewise be readily

determined by variation of the particular temperature, pressure, flow rate, etc. conditions, to
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20 ot her beneficial conponents may be incorporated in

the conposition. [00103] For exanple, in SCF-based
w@oepper33fl | ) precursor conpositions, isopropylPEl/U8tend/024326

may be added in a concentration of from about 0.1%to

about 99. 9% by wei ght, based on the weight of the SCF

d&a{m{én@atsétsaf préfda@ phsEneffs bdAsued & a e nizpdattiongpylicatios of the

v eous nent.
BT SRR QP B P O S0 O RE FoaB LB D b Mlonre
hpeeovithoaundelexdetimenttation.n t he 25 supercrltlcal carbon
di oxi de, while sinultaneously functioning as a
reduci ng agent to reduce Cu (1] d
W@bﬁﬂ‘bﬁp%posawo %?“%)P“bé“dﬁ&ﬂ‘aldisétdd PE?C%%& é?néﬁlemd?fr teppyrature an
pkd3fRired €205 dadriod oﬁm@ GQSI&mu@@ (ﬂloWSnanﬁe& aglit fowr emny 8CBHaséd paaursor

f%rﬂlgﬁjgchfﬂu%{a%{ tﬁ? g%)((ﬁ}gé %e \Flﬂése ‘% h‘gs}ﬁg’relfeg s or aRematlvely the SCF-
badel preaair einfatoo rand mdmdstp sideosfion GG 0005AeBES parried
E@ g‘gf%gg-i%llsgzéﬁ%gr of QIQJaOé'Elm Eﬁgh ELNRE rw}gfeﬁho Het $@MpasddNfrecursor

sui tab g ) |nCU|ng W t hout
formylationt ip roducegp the 1t1@2%m Eipeppen p@ms e.g., by injection to the

d@%ﬁb@@m ChiBab¥aa camsttiffme (000t B6F-vihe pr‘é@Esob fosudation being

cop recur S|t|ons f t he i nven

eép0ﬁ A e s lrsfr%t cia]il/ge ggcg rdSt y 818%%3:‘[ yarig on conqactmé tgnes and

nheadufnentrof the batlriag fis:. thl&neslses@ﬁmp deposifed mgtellm&aytb‘eto éﬂpﬁwe@r owth
ns as one of

St BB GROHE B TR AL AERALETS %1 Dot er

tool for wafer processing. [00106] The SCF-based

[6O1IBOSHill be Bpreaiadd drphs i:drripﬁsﬁhdﬁﬁ rfdankshoad oﬂtﬁfﬁn@eﬁﬁcmnﬁa'y(ba practiced
| so anenabl e t

are f.or,mat i el ect S Ni ..

e T RD P bt Py o ftls EHEE | ARl B te
inempalrcetsdesaibebieteinesth rfetive towpeiicidtirbss sbecs) aid gmbgyinents, it
&1{1 %n %&?%ﬁz%g 8{39 th8 ilvEdo 1501Q>t @Jﬁé‘ m%gd \Mﬁqg ?ds&pfﬂh@ of unplementatlon in

undergo deconposition to the netal ~and/o
et atrizBorBOBECHFRS 25 PRERIEIER, a‘\qﬁ@raml& e PR & meped 1 be

B#@aﬁ@%bﬁs&@éa 16 altolhsd ANMGEShek Vari@t@ﬁb{ﬂﬂﬁfﬁcﬂfon%ﬁ $mbodiments, as being
ggﬂﬁdlng he[na I and/or. chem cally. [00107] SCFD
W opRy; o 1 Y EP &é@‘gﬂa&v&a‘%‘f th CVD and PVD in that
there is no need for expensive, potentially toxic,
hi ghly vol atile precursors or high processing
tenperatures as are necessary in CVvD and PVD
Further, SCFD readily achi eves high concentrations of
precursor, far 15 higher than those attainable in CVD
due to the solvating power of the SCF conponent(s).
These factors, along with the | ower deposition
tenperatures enabl ed by SCFD, enable such nethod to
achi eve faster processing tinmes and subsequent
reduction in process costs.
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[00108] The invention therefore contenplates the
deposition of high purity noble netal and/or oxide
wao kios/0fi3Bns. Exanpl es of the noble netal and/ opCToR1004/024326

nmet al oxi des that can be advantageously 20 deposited

by the SCF-based conpositions and net hods of the

i nvention include platingggkcPAmvsi ridium (lr), iridium
oxide (1r@), ruthenium (Ru), ruthenium oxide (Ru02),

pal | adium (Pd), silver (Ag), and gold (Au). Such
Wiet aklsined@: met al oxi des are useful in form ng contact
layers in integrated circuit processing. Precursors

for such netals include the fol] ow g]g il ust&atl.\/e osition
Ipr écdspasifion cermrpsition 5 deposiingjmjatqriah o 2 LB ENSACGIePsHtiOR comp

e téthprisig @ bipercmmal fiydehd predutoroftheTdateridl tobe dpa@itel on the substrate.
Lewi s base ligand; and (iii) m xed |igand conpounds.
[00109] Illustrative metal carbonyl conpounds include )
2} r FhCAyrbsitiem conRaG @) 1gaim Th adsreinothp Gunsersiticah Suiggyomprises a fluid
20Q54 438 tﬁ’@&o&ﬁ%&%{ 88 28rborR R xiAET SlyBdal @fgbl, krypton, xenon,
i nteresting because of thej rBtLow d,ecorrpa%il ti oﬁ@bk 1
t edpEPsy mshaner ghane - methpl, s gfhangh | seryoraRpl dme etone, - sutiur
| | ganadsorids) c&26%h MdeLidd, BigitrSEh okiSe, SanpRE @as| liyidmadn, aemiixires thereof.
di oxide aids in the formati on of contam nate-free

films. [00110] The netal ((3-diketonate),-L conpounds,
3nhdheidepogitien tommpsitin of elpioh 1. whereifhs sypescitipgl Jhiy compejses carbon
ca;REeof any suitable type. Illustrative conpounds

i nclude: (1,5-cyclooctadiene)lr(l)(acac)
tris(norbomadiene)lr(l11)(acac)

4 viThy Hdpbiitiinlyhsdisitiamel)cagf 1, whbrein adidl crmpositivateyinprises aneaplygnt.

bi s(2,2,6,6-tetramet hyl -3, 5- hept anedi onato) Ru(11) (1, 5-

cycl ooct adi ene) 10 Such conpounds are readil . : :
i dhefepedtiqnsompssitigneficking béﬁnsggngsﬁﬁfﬁ%‘fﬂﬁ}f PW@&H‘P%’&HP%?W and said
di @xdc@lgor. t0 provide high rate deposition of the
correspondi ng netal and/or netal oxide. [00111] The

m xed | i gand conpounds i nclude conpounds such as;

. CHB¥ Qomagitidn|cpipasiier) of claim 1, consisting of said supercritical fluid and said precursor.
tetrakis-(triphenyl phosphi ne)platinum (0) 15

ri hyl - hyl I ienyl platinum (1V). .
7t. ’I%Etd ositigl?tco%po(s:i ign 81p c Q&na s \She ein Ealdfjl E)reculirlsor (cor}lgnses a barrier layer

precursor for forming a metal nitride or metal oxynitride barrier layer.
8. The deposition composition of claim 7, wherein said metal nitride or metal oxynitride
comprises at least one metal selected from the group consisting of tantalum, titanium, silicon,

tungsten and molybdenum.

9. The deposition composition of claim 1, wherein said precursor comprises a precursor for

forming a mesoporous organo-functionalized silsequioxane (SSQ) material on the substrate.

10. The deposition composition of claim 1, wherein said precursor comprises a precursor for

forming a low k organosilicate material on the substrate.

11. The deposition composition of claim 10, wherein the precursor comprises a silsequioxane or
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tri carbonyl - met hyl cycl opent adi enyl

platinum (1)

[00112] The foregoi ng conpounds are illustrative of
W b@se13bat can be enployed in the broad prack@UESWN4/024326

the invention to form nobl e net al

oxi de el ectrodes.

pr esikrine prruiesok.i on,
component (s),
of the SCF-contai ni
r&adhq dgpositien eqmposiian

co-

and/ or nobl e netal
[00113] In all applications of the
the specific supercritical fluid

20 solvents, and other ingredients

ng precursor compositions can be
o%y‘laigj h»}p\yl@reﬁxghmpcg{spr@ﬁmgﬁeq #alsequioxane.

specific precursor(s) wth variation of conponents,

ar

in th
for de

d.,c cterizatio
13 Jagesp
deposi tion,
condi tion

f t.h .
i SingthandR pima 2 et s A

| ting deposited fjlm
B B e dvEto
e given application. The process
position can |ikew se be readily

det efm ne y varj ation of the particul ar tenperature,
presgure, LIOM/rate, etc. conditions, to 24 WO
2005/ 01333[1 PCT/ Us2004/ 024326 determ ne the set of

pr o€
appl
be m
di sc
[ 001
desi
pres
mann
form
depo

255—pag pAe (P
cation of th

ade wilhin th
osure_ herei
141 THO depos
fed prpcess ¢
sure, can be

Br, W fAow
| at i t irou
5ition| step,

5 pbest suited to a given deposition

e invention. Such determ nations can
e skill of the art, in light of the
n, wthout undue experinentation.
tion, as carried out under the

pndi tions of tenperature and 5
carried out in a continuous flow

of the SCF-based precursor

gh the deposition chanber during the
or alternatively the SCF based

precprsor formrulafion can be introduced to the
depogi ti on] chanber nand the deposition carried
a batch-wijse manner, or in a sem -batch fashion
wherei n the SCF-based precursor formulation is
i ntroducedRt o the deposition chamber in sequentia
vol unes, e.g., by injection to the 10 deposition

S LB S AP A,

slipgt rate) can be readily deternined by enpirical
variation of contacting tines and neasurenent of the
resulting filmthicknesses of the deposited materi al
14y &he depasitigneoapRsiting of claimdis HrereindhePreigor CompTiEeY 3 HExeRs: ne
necessary in a given application of the invention.
[IQO%HESd%%JSgiOMcJ po! t?on%paglg‘nclh%h%gn} tﬂagsfilm qghag BiTRS hl&l ons
and nethods of “the inventibn may be practice 5in a
wi dely variant manner, consistent with the broad
di-sighygowo-g- herein. Accordingly, while the . invention
has been described herein with reference to specific
features, aspects, and enbodinents, it wll be

mderoig nach &ds inHependeitly selpcsearftonoih, Gi1<Cs pibyl, € Rk IKenyki Gsety arfiatd C,-Cs
Lgoyusceptibl e of inplenmentation in

out in

oR

16. The deposition composition of claim 10, wherein the precursor comprises a cube monomer

having epoxy and hexyl groups attached to a same cluster of the monomer.

17. The deposition composition of claim 1, wherein said precursor comprises a precursor for
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ot her variations, nodifications and enbodi nents.
Accordingly, the invention is intended to be broadly

we@onshized t o enconpass all such other vari ati PCEUS2004/024326

nodi ficati ons and enbodi nents, as being 20 within the
scope of the invention hereinafter clained. 25 WO

20 @5k aish ktkaldriblod 2432434 Aepodititin tézhpRaidve Bhalivat 300%C.

claimed is: 1. A deposition conposition for depositing
material on a substrate, said deposition conmposition
1Borfbe deposidonzeompgsision pf eldtwdl’, Wherrintheipracusopingludes 8 etabselected from
t hend BB leblstide b BE SHGROR] Arefh AP, he substrate. 5 2.

The deposition conposition of claiml1, wherein the
supercritical fluid conprises a fluid selected from

19h eThg rdepopsiticro psipeitiongofaflaim d @y Wigeneind the Xpiratersordnghglen an organo moiety
ar gon I n . o et :
retRe) HoHE R rout EMng of EXED iR B A0fongs ) e, hyonides,
s ulafeiztes, foematds| nigatisdhalides Fsoraryip foke allsyls, @ndimixpuery @ftwo or more of
oXigleroref g Ng gas, hydrogen, and m xtures thereof. 3.

The deposition conposition of claim1, wherein the
supercritical fluid conprises carbon 10 dioxide. 4.

20h eThel elpmsitibn compositignosti dairon, eheraih dlienprdeprsovh@mpiises 8@ piganometallic
co = f :

CormaBirbl AP B3y o RR 4 Epen el 4 (AT AAR
supercritical fluid and said precursor. 6. The

Zle Prs idbgosiRorCéipestion io® Elaiaf 1, Cdrairiding a selRnBEoshivag sikiessietted from
supgrcritica. qui? qu.sai precursar, 15 7. The

de P B YPSRISEENRS TP S *P Vapoq B e BN/ s ai d

precursor conprises a barrier |layer precursor for

30 e QhodtidiEdombositoh bf i @wHiRInAhe B¥YRtibdl it cBArisés@mmonia.

[ ayer. 8. The deposition conposition of claim?7,

wherein said netal nitride or netal oxynitride

Do i depsitiat cop@sitioro pclamt 22, wherkie obhe pre¢urimedriyeisgroprpcursor for
consi St - [tanium silicon, tungsten
ang%%%%#gggﬁﬁﬁ%&%%ag&ﬂ§ﬁéﬁ ‘eposi tion conposition of
claim1l, wherein said precursor conprises a precursor

30" Thef de)mltRﬂ SniFBSIIA0HO UisinD PG ARBeréibl NGé ippddakdrzd a decomposition
silsqulox&ge Eg material on the substrate. 10. The

de JEBRTIBH ‘tion of claim1, wherein said
precursor conprises a precursor for formng alowk

5 gﬁ@%ﬁdsiti%&&np@@tti&rdf @fairrpfh, Wh&ein %%Jcﬁ%&-comprises a non-oxide metal-

containing precursor.

26. The deposition composition of claim 1, wherein the supercritical fluid comprises carbon
dioxide and the precursor comprises a precursor for forming a metal nitride material on the

substrate.

27. The deposition composition of claim 1, wherein the precursor comprises a precursor for

forming a copper diffusion barrier material on the substrate.

28. The deposition composition of claim 27, wherein the copper diffusion barrier material

comprises a material selected from the group consisting of tantalum (Ta), tantalum nitride
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11. The deposition conposition of claim10, wherein
the precursor conprises a silsequioxane or 26 WO

WQO®500B3B831 PCT/ US2004/ 024326 si | oxane precupGDDS2004024326

The deposition conposition of claim1l, wherein the
precursor conprises a silsequioxane. 13. The
depasN,oj aftaReNERSh thittde  OfaSi) atitiidnd , nityille (BN)), filt@um silicon nitride

SI| h formul a: R Sl < 0.1. S.n

1 BRI RIS s el i o PN e S Fel o the
Cl wnas{ dytie me@] sp@Gesai theniyrlde c@ipo@HO aryl and Cl- C8
al koxy. 14. The deposi ti on conposition of cl ai m 11,
wherein the precursor nprises a_sil oxane. The
¢epb¥i t“?Pa%ﬁ“Oeo?Pawgﬁﬁtqno?f ﬂ?lmcil i Pheteln thineopRsF rfhfﬁﬁl@n barrier material
Si | axmrigs hagndrpheusimaterl a - (-Si (R (R) -0 )" 15 wherein
each R is independently selected fromH, Cl-C8 alkyl,
Cl-C8 al kenyl, C6-Clo aryl and Cl1-C8 al kox 16. The
é‘ép&ﬂ dapenitionosnmpesitionoef HimcPSi Whetei thanesprer rfiffigion barrier material
Pr eSdHpiiRk af hoS8StacUbe monomer  havi ng epoxy and
hexyl groups attached to a sanme cluster of the
nmononer. 17. The deposition conposition of claiml,
WheTlel depssticd @mpotiticaosf domp?d, sesrein e ewppes aliffiion baRiér material
WO / - '
at S PAL SRl st PO R0 R0k B (Y Mo e iy
bel ow 300C. 18. The deposition conposition of claim
3%, Tuh@epbifod BEnREIRGUbS Glhini DS;| Wikhesn TheN®hpdr GRIsREWBier material
from t.heTaqsrﬂQup consisting of Ba, Sr, La, Ti, Zr, Ta

C T1SCS
and“PB"

33. The deposition composition of claim 28, wherein the copper diffusion barrier material
comprises a material selected from the group consisting of tungsten nitride (WN,) and

molybdenum nitride (MoNy).

34. The deposition composition of claim 1, wherein the material comprises a barrier layer material
and the precursor comprises at least one precursor selected from the group consisting of metal

B-diketonates, metal alkoxides, metal alkylamides and metal carbonyls.

35. The deposition composition of claim 1, wherein the material comprises a barrier layer material
and the precursor comprises at least one precursor selected from the group consisting of
tantalum (V) tetraethoxyacetylacetonate; tantalum (V) (tetraethoxy); tris(2,2,6,6-tetramethyl-
3,5-heptanedionato) titanium (III); tantalum (V) ethoxide; tantalum (V) methoxide; tantalum
(V) trifluoroethoxide; titanium (IV) n-butoxide; titanium (IV) t-butoxide; titanium (IV)
ethoxide; ftitanium (IV) i-propoxide; pentakis(dimethylamino) tantalum (V); pentakis(ethyl-
methylamino) tantalum (V); tetrakis(diethylamino) titanium; tetrakis(dimethylamino) titanium;
Mo(CO)s and W(CO)s.

36. The deposition composition of claim 1, wherein the material comprises an oxynitride barrier

layer material and the precursor comprises at least one precursor selected from the group

consisting of metal B-diketonates and metal alkoxides.
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19. The deposition conposition of claim1l7, wherein
the precursor includes an organo noiety 5 selected

WO p@s013381 gr oup consi sting of Cl-C$ al koxi des, PCT/US2004/024326

3-di ket onat es, carbonates, hydroxides, acetates,
formates, nitrates, halides, C6-Cl0 aryls, Cl1-C8
301. kytlesdepaition Bdnipositic@Sof @faini ‘l{\p)vlﬁfenﬁmd’ ﬁata{al cdnipeisds @.ﬁﬂgﬂﬂ lfagxer layer
S?er(r:%tbneal d e n%ecurgcgr c%gngs attler'ﬁio n%? %rf:zfursor sn]egtéd yr\'h o e group con51st1ng
sel@fcmeedialksd@nd@he group consisting of tetraphenyl | ead
and triphenyl bisnmuth. 10 21. The deposi tion
osjtion of claim1, conprising

nﬁ@rﬂwﬁ% gAmpatition glainb b “%‘Ie’éé]?eéaat?%‘i?fnpf‘ﬁé a giligjdgbarrier layer
c ONmht&ral g tiefpree@td oomdis@xt 188t ond@ilicsh,codtiinibEpracutsotl
al cohols. 22. The deposition conposition of claim1,
wherein the supercritical fluid conprises ammonia. 23.
TheThsedsensition epmpesiiqacs iclinn 38, whereip dlerpt least onghdlice-pontaing precursor
Pr eCapRQRE a frofiRo} @@&es@el&'ﬁe@%ﬁﬁ §uB ConskRpBE QBnFanf k-bit)19@me.
material on the substrate. Zgjr The deposition
conposi tion of claim 23, V\,her ein the precursor has a
¢ cTiepdeposition rompositiye pfatlaimel, yéhewin RO O@erid2 Somihives a copper diffusion
dep@a?ﬁe"rll ?Qr e ] ‘iﬂegvgecvgfsor %Lrﬂﬂ I&s%‘% iea%@,‘al?g &h&aﬁﬂ&sm selected from

precursor conpri ses non OXI nin
pr ebe rE@P . copgsting if q9agso I} ﬁcmke@eﬁﬁfo $PRECH ﬁﬂ)oﬁarhqxalptm, 1copper (1)

me&y@loﬁbntahi@ne‘é URBH (Dt prells, fcbppefd (I QANIEd, 988 LeRIsDRR: addlcts of the
di o t he rPd)ecursor conprises a precursor for

for rﬁ‘ﬁe lo?ﬁgtc%lpe P material on the substrate.

27. The deposition conposition of claiml1, wherein the

8 eﬁ&ér & PbsitfoR Wiposfitn B ALGC I iRdfeird ML prefu%o‘i”c&gpr%esc@ RRE! complex

diffusion barrier material on the substra

depBelpdingn las eproligand sslectert frem fie giop congiptiag af @rdw@a@waé?xylates’
di f ¢ydppamdlay, plichyls, BRltathidedl 25 conprises a materi al
selected fromthe group consisting of tantalum (Ta),
tantalumnitride 28 WD 2005/013331 PCT/ US2004/ 024326

¢2Zr aRhe, depositiemé¢oaripositios iof ¢l@and 1 nwhereindlee nietal Sinfex is fluogind-en
nitride (TiNX), titaniumsilicon nitride (TiSi N

d d d '
A Rl ety 1 AP B Bt LI e

Speme@ssot wlettbfron the irohdp condigiingistd. 29. The deposition
conmposition of claim27, wherein the copper diffusion

barrier materi al
(1) Cu(acac),

(2) Cu(thd),

(3) Cu(dmhd),

(4) Cu(bzac),

(5) Cu(CHB),

(6) Cu(oxalate)
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whansies3mat eri al

5 conprises an anorphous material. 30. The deposition
conposition of claim28, wherein the copper diffusion

The deposition conposition of claim28, wherein the
copper diffusion barrier material conprises a

mat eri al sel/He¥®andfidom t he group consisting of (TaNs)
and titaniumnitride (TiNs). 10 32. The deposition
conposi tion,of claim28, wherein the copper diffusion
barrier rraRsréué?ceta Bnprises TaSiN. 33. The deposition
conposition of claim28, wherein the copper diffusion
barrier materd, ises a material selected from
t he group c(?rgs?}%dtsl)(%gﬂ%? tungsten nitride (W\,) and
nol ybdenum nitride (MoNx). 15 34. The deposition
conposi ti ofl®@fu@dni m 1, wherein the material conprises
a barrier layer material and the precursor conprises
at | east one Erecursor sel ected fromthe group

consi sti ng (0 CHePMes 13- di ket onates, metal al koxi des,
nmet al al kyl am des and netal carbonyls. 35. The

deposi tion ition of claiml1, wherein the

mat eri al &@8@%@‘@%‘5@ barrier layer material and the
precursor conprises at |east one precursor selected
fromthe guayeosergi sting of 20 tantal um (V)

t et raet hoxyacetyl acetonate; tantal um (V)
(tetraethoxy); tris(2,2,6,6-tetranethyl

3, 5- hept anéd) @uiab) Hi t ani um (111); tantal um (V)

et hoxi de; tantalum (V) nethoxide; tantalum (V) :
trifluoroethoxide; titanium (1V) n-butoxide; titanium
(1V) t-but @4 t ani um (1V) et hoxide; titanium
(1'V) i-propoxide; pentakis(dinmethylamno) tantal um
(V); pent aki hyl - nmethyl am no) tantalum (V);

t et r aki s(ng@?ﬁ@fbé‘ﬁzno) titanium

t et raki s(di met hyl am no) titanium 25 Mo(CO 6 and
WCO) 6. 3617)Thevs@pasdti on conmposition of claiml,
wherein the material conprises an oxynitride barrier

| ayer material and the precursor conprises at | east
one precurBoC@RCeted fromthe group consisting of
nmetal /3-di ketonates and netal al koxides. 29 WO

2005/ 01332&? PC{AI'/ UsS2004/ 024326 37. The deposition
composi ti ) IMEPD) ac) wherein the material conprises
a nitride barrier layer material and the precursor

conpri ses R ch&ask,on recursor selected fromthe
group cons gt |(§g ABSheR) Fettamer

(21) (VCH)Cu(hfac)

wherein:

acac = pentane-2,4-dionate

bzac = 1-phenylpentane-1,3-dionate

COD = cyclooctadiene

31
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of nmetal al kylam des. 38. The deposition conposition
of claim1, wherein the material conprises a silicide

wharsioes3l ayer 5 material and the precursor cRPOPUSREs024326

at |l east one silicon-containing precursor. 39. The
deposition conposition of claim 38, wherein the at

| east one ditinl # 2,6«dinetpheitame-Ag-domate ur Sor  conpri ses a
precursor species selected fromthe group consisting
of silane and t-butyl silane. 40. The deposition
conposi t i o¥hd IdrdinethyihexapprdSdiionate he naterial conpri ses
a copper diffusion barrier |ayer material and the
precur sor r|s t _one copper precursor

sel ect ed f@g{rﬂg %}yhgsia‘re%e p’"€onsi sting of copper (I1)
13-di ket onates, copper (11) carboxyl ates, copper (1)
cycl opent Qﬁ&lﬁQqshl-tﬁﬁmﬂ-pl(eh}lblﬁﬁﬁﬁw-cﬁonat‘é0pper (1)
anmides, and Lew s base adducts of the aforenentioned
copper (l) species. 41. The deposition conposition of
claim1, wher32,66tdrem@hdieptase,5-diompr i ses a net al
conplex including at |east one ligand selected from
the group consisting of O-di ket onates, carboxyl at es,

15 cycl opétftatit-&fenctplensaid-diggr ani des. 42. The
deposition conposition of claim4l, wherein the netal
conpl ex |s\,éﬁ u‘%llg%loflr ee. 43. The deposi tion

conposi ti on of arm Swherein the precur sor

conpri ses at Ieast one copper precursor selected from
the group @ansigihdienedityrhtd) Cu(acac)2 20 (2) Cu(thd)2
(3) Cu(dmhd)2 (4) Cu(bzac)2 (5) Cu(CHB)2 (6)
Cu(oxal ate) 30 WD 2005/ 013331 PCT/ US2004/ 024326 (7)
Cu( f or mat eJTMS ByinQluifwmthelsikne) 2 (9) (VIMB) Cu(hfac) (10)
Cu(tod)?2

44. The deposition composition of claim 1, wherein the precursor comprises a copper (III)

precursor, and the composition further comprises isopropyl alcohol.

45. The deposition composition of claim 1, wherein the material to be formed on the substrate

comprises a noble metal and/or a noble metal oxide.

46. The deposition composition of claim 45, wherein the noble metal and/or noble metal oxide
comprises a metal/metal oxide species selected from the group consisting of platinum (Pt),
iridium (Ir), iridium oxide (IrO,), ruthenium (Ru), ruthenium oxide (Ru0,), palladium (Pd),

silver (Ag), and gold (Au).

47. The deposition composition of claim 45, wherein the precursor comprises a metal precursor

selected from the group consisting of
(i) metal carbonyls;
(ii) metal (B-diketonate),*L wherein x = 1, 2 or 3 and L = Lewis base ligand; and

(iii) mixed ligand compounds.
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5 (11) CpCuPMe3 (12) Cu(dibm2 (13) (COCuClL (14)
Cu(hfac)2H20 (15) Cu(hfac)2 10 (16) Cu(tfbzm2 (17)

w@ kdspQ3ghfac) (18) (COD)Cu(hfac) (19) PCT/US2004/024326
(DMCQOD) Cu( hfac) (20) Cu(pentafluorophenyl) pentaner
15 (21) (VCH)Cu(hfac) wherein: acac = _
pentramepaslﬂonoﬁoﬁ@@u@n dZ Ainr47, Wnee tREPEARST donBrishs QNAdA carbonyl

e R3S AR o R OO

2, 6-di net hyl hept ane- 3, 5-di onate dmhd
'43 %@&eﬂ@s&tf&ﬁ' &ﬁﬁ%@ﬁﬂ&l gf cﬁmqhép Rak:Ein tﬂm_%ercngcamlﬁ] XAmprl'ses supercritical

-hexeg bzm =
1,1¢ ‘P@FFNEoro 4 phenyl but ane- 2, 4-dionate 5 the =
2,2,6, 6 tetranethylheptane 3, 5- dlonate tod =

2 , 1,on .
307 16 R L Ae oP Bt 7 Ok, Y2 S g+ et
Vi nyﬁﬁtpnﬁvé(tlhyfhyﬁmml 2_©r 34nd TFIrfeL@epbw tligod, selected from the group
CoMpQsisfiig@® of claim 1, wherein the precursor
conpri ses a copper (III) precursor, and the

conmposition further conprises isopropyl alcohol.
(1,5-cyclooctadiene)lr(T)(acac);

tris(norbornadiene)Ir(Ill)(acac);
(vinyltriethylsilane) Ag(I)(hexafluoroacetylacetonato); and
bis(2,2,6,6-tetramethyl-3,5-heptanedionato)Ru(I)(1,5-cyclooctadiene).

51. The deposition composition of claim 47, wherein the precursor comprises a mixed ligand

composition including a compound selected from the group consisting of
(CH;),Au(IIl)(acac);
tetrakis-(triphenylphosphine)platinum (0);
trimethyl-methylcyclopentadienyl platinum (IV); and
tricarbonyl-methylcyclopentadienyl platinum ().

52. A method of forming a material on a substrate, comprising depositing the material on the
substrate from a deposition composition comprising a precursor of said material, and a
supercritical fluid.

53. The method of claim 52, wherein the supercritical fluid comprises a fluid selected from the
group consisting of: carbon dioxide, oxygen, argon, krypton, xenon, ammonia, methane,

ethane, methanol, ethanol, isopropanol, dimethyl ketone, sulfur hexafluoride, carbon monoxide,

dinitrogen oxide, forming gas, hydrogen, and mixtures thereof.
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45. The deposition conposition of claim1, wherein the
material to be forned on the substrate conprises a

woebe133et al and/ or a nobl e netal oxide. 46. TRET/US2004/024326

deposition conposition of claimd45, wherein the noble
nmetal and/or noble nmetal oxide 15 conprises a

it dhe methad|of diimde, wipei thssupetriicd] ddid corgprisésivarbgr diexide.
consisting of platinum (Pt), iridium(lr), iridium
oxide (lrQ rut heni um (Ru), rutheni um oxi de (Ru®2),
pal P"Bﬂl?’%}hqd(f’ﬁaylm 525W116(Fé’rsa‘(1/&§‘)1p°s‘§%°°§’@¥1%?5 torplvent7. The
deposition conposition of claim45, wherein the
%E:%g{ lghg%oé gﬁg‘f‘lnis% V\%leggnz% (lg os1 o Sorrrlpé)zsilr%l co%flsqs eis= cgl)ani]ly of said
met wpel(c(ng:auiw«b@émmcpr,sm wher ei n X =1, 2 or 3 and L =

Lewi s base ligand; and (iii) m xed |igand conpounds.

gz ﬁ% tg(%/ %]Fﬂg‘gér ‘E%%{lf‘ %%gsgtgoﬁ]%g}%l?os\}}ﬁrg?oéﬂﬁs Qfﬁgd supercritical fluid

pr eamdsaﬁprecumwprl ses a netal carbonyl selected fromthe
group consisting of Ir3(CO 12 and Ru3(CO 12. 49. The
deposition conmposition of claim48, wherein the "
Strp &hepsthqd ohelaip 53; Whersdipidipseuses aoyarisesiabpis layernrpdyeser for forming
di 0¥ h@Ql nittiddét mebNExyHiR1AO Bartidr Wyerc ONMPOSIi tion of claim 47,
wherein the precursor conprises a netal
di ketonate),,L wherein x =1, 2 or 3 and L = Lewi s
5&s &hd ingfbadchf chainl He whadeih Baichmetﬁelitgdmmeta&: onygitriieicorgprdés at least one
(1, Rel cliQpat ﬁ‘&ihecﬂ@)gloﬁlé sq{ﬁﬁg of tantalum, titanium, silicon, tungsten and
tris(norbornadiene)lr(111)(acac); 10
(Vi H}?‘yf"f'ef“é’f‘hyl sil ane) Ag(l) (hexaf | uor oacetyl acet onat 0) ;
and

S t anedi onat o
?b C?%eOﬁe@lgiﬁ eo?] %;augrgg erlrﬁln Salg Q SPI'OI(;]OI‘H nsesosp{e 02‘ gl ?ormmg a
cI apmoncﬁws\ma@n%ﬁlnchpmﬁézqdrsmqm@f@me (Smat%@n@ewbstme
l'igand conposition including a conmpound sel ected from

T PR i S b B o B ko 7 forming a ow &

organosilicate material on the substrate.

62. The method of claim 61, wherein the precursor comprises a silsequioxane or siloxane

precursor.

63. The method of claim 62, wherein the precursor comprises a silsequioxane.

64. The method of claim 63, wherein the silsequioxane has the formula:
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tri met hyl - met hyl cycl opent adi enyl platinum (1V); and
tricarbonyl - net hyl cycl opent adi enyl platinum (l). 52. A

woreaoho3af form ng a material on a substrate, PCT/US2004/024326

conprising depositing the material on the substrate
froma deposition conposition conprising a precursor
of said material, and a 20 supercritical fluid. 53.
The nethod of claim52, wherein the supercritica
fluid conprises a fluid selected fromthe group
consistingof:_carbon di oxide, oxygen, argon, krypton,
xenon, ammpni a, nethane, ethane, nethanol, ethanol,
isopropanjl, di met hyl ket one, sul fur hexafl uoride,
car bpn nonoxi de, | di nitrogen oxide, form ng gas,
hydrpgen, Sid- @ Xrures t hereof . 33 WO 2005/ 013331
PCT/ US2004/ 024326 54. The nethod of claim 52, wherein
the supercritical| fluid conprises carbon di oxide. 55.
The nethoqgof clai m52, wherein said conposition
conpyi ses co-sof vent. 56. The nethod of claimb52,
wher i n thk deposj tion conposition consists
essentially of said supercritical fluid and said
pr eeprsor . Sp—EJ—hre—net hod of claim52, wherein the
depogi tion conposjition consists of said supercritica
fluid and said pfrecursor. 58. The nethod of claimb52,
whergi n sdi d precursor conprises a barrier |ayer
precwrsor [for fermlhg a netal nitride or netal
oxynitride barrier layer. 59. The nethod of claim 58,
wherein sgid netal nitride or netal oxynitride
conpri ses | east one 10 netal selected fromthe
group consisting of tantalum titanium silicon,
LH&6R bRA RANA depBRleM B ABIBHN frofOH, CTITg alrRt 000, Mdenyd) @lcna @yl and C,-Cy
erein said precursor conprises a precursor fo
o™i ng a nesoporous organo-functionalized
si |l sequi oxane (SSQ material on the substrate. 61. The
82! #hnchlod 6 AP 2rhclt B S opRBELISAR., COMPI [ ses a
precursor for formng a organosil'i cate
material on the substrate. 62. The nethod of claim 61,
66 eTied iketiiol Of P4iRGH viRfeinGRy §loNaheifs the forh@equUi oxane or
si | oxane precursor.

(-Si(R)R)-0-)u-

wherein each R is independently selected from H, C,-C; alkyl, C,-C; alkenyl, Cs-Cyo aryl and C,-Cg
alkoxy.

67. The method of claim 61, wherein the precursor comprises a cube monomer having epoxy and

hexyl groups attached to a same cluster of the monomer.

68. The method of claim 52, wherein said precursor comprises a precursor for forming a high k

material on the substrate at deposition temperature below 300°C.

69. The method of claim 68, wherein the precursor includes a metal selected from the group
consisting of Ba, Sr, La, Ti, Zr, Ta and Pb.
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63. The nethod of claim 62, wherein the precursor
conprises a silsequi oxane. 64. The nethod of claim&63,

wob@s®e1333t he sil sequi oxane has the fornula: 3BECENIS2004/024326

2005/ 013331 PCT/US2004/024326 R Si- o 01 5S n R
wherein each Ris independently selected fromH, Cl1-C8

ab KYhe méHod@3 cRlnk 88) Where@ﬁhé}&&u@ﬁ%hclﬁfég a:grﬁ% modtK Q¥¥ted from the

65. The net cl ai wher cur sor
RO B S R XL R N A—
whenigates, hdlidessC4-Ox apls, &l alkyig addonizutesof twh eiShdréDfthe) forkging.
wherein each Ris |ndependently selected fromH, C-C8
al ky] , C1-C8 al ken C6-Clo aryl and Ci1-C8 alkoxga
15 ¢he metied pbchiy S%f whereif) fie gPrecuiipesEIPHSCE e Qiedserpstallyy compound

C OIMpelldc®6 Fordl the \ghp EOAFIQIAE bf tBielyhdAgl 1643 aXd/iriptiRbly] bidani
groups attached to a sane cluster of the nononer. 68.

The nmethod of claim52, wherein said precursor
¢ phd metbodaofpglaimuts oympfrising £ eriventigo-solvsntgipedies splattek freth the group

on tdaGistine BEdaftdh SioRlie, #8B0hhén hnll GERSLAL Ur e bel ow 300C.
69. The nethod of cl'aim 68, wherein the precursor

includes a netal selected fromthe group 20
@dn¥heshdthng ob¢laiBa?, vieseinltlse, suplergritizal fluid aongpnises Ramo@da WO
2005/ 013331 PCT/ US2004/ 024326 70. The nethod of claim
68, wherein the precursor includes an organo noiety
4| The wethadr ofplatm &2, gYhstep B PISFUsIOr FRIMRGISES @ Rregrse] ﬁabfomeg 2 nitride
a- dinkiedid Bathesubstial bonat es, hydr oxi des, acet ates,
formates,

75. The method of claim 74, wherein the precursor has a decomposition temperature below 200°C.

76. The method of claim 75, wherein the precursor comprises a non-oxide metal-containing

precursor.

77. The method of claim 52, wherein the supercritical fluid comprises carbon dioxide and the

precursor comprises a precursor for forming a metal nitride material on the substrate.

78. The method of claim 52, wherein the precursor comprises a precursor for forming a copper

diffusion barrier material on the substrate.

79. The method of claim 78, wherein the copper diffusion barrier material comprises a material
selected from the group consisting of tantalum (Ta), tantalum nitride (TaN,), tantalum silicon
nitride (TaSiN), titanium nitride (TiN), titanium silicon nitride (TiSiN), tungsten nitride (WN,)
and molybdenum nitride (MoN,), wherein x is equal to the valency of the metal species in the

nitride compound.

80. The method of claim 78, wherein the copper diffusion barrier material comprises an amorphous

material.

81. The method of claim 79, wherein the copper diffusion barrier material comprises an amorphous
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nitrates, halides, C6-Cl0 aryls, O-Cs al kyls, and
m xtures of two or nore of the foregoing. 71. The

woreioko3sf cl ai m 52, wherein the precursor conpCT/EEX0ER4326

organonetal lic conmpound 5 selected fromthe group

consi sting of tetraphenyl |ead and triphenyl bisnuth.

72. mhegalret hod of claim 52, conprising a

sol vent/ co-sol vent species selected fromthe group

consi sting of carbon di oxide, water, ammoni a and

&P.c dhomethod7gf clajth @9.righerpidthe foppéradiffisiR bavitromaéerial tdmaprises a material
SUP§di&lell b e gfdub b&si%gl@f (138 adi TR fhiridéeTiN i€ met hod

of claim 52, wherein the precursor conprises a

precursor for formng a nitride 10 material on the

$8ib Sthe athod ofblainT Fhewhesirhibecopper diFfasion bédier mh@fabiomptifee TaSiN.
precursor has a deconposition tenperature bel ow 200C.

76. The nmethod of claim 75, wherein the precursor

Stnphg Betbod-pf egin 3% whsreirethe cepperliffiisien eyrierymateriah eappprisey 2, material
The sdiRich &6m @fe gfdupbdibifithg oSS Rh RitrldB BWRY RET B8 BdeRA nitride (MoN,).
fluid conprises carbon di oxide and the 15 precursor
conprises a precursor for formng a netal nitride

Ght €hd mbtheshoft ¢lamsih stherainghe WBterial lvempristsho Hardér layeainmtetid), and the
wh efu%éu?so; b&nﬂ?ﬁ%% A& onk %ﬁljsog es%le&edpﬁ'cﬁnlg ;ﬁ{eef Ba p]c %%smtnﬁ% of metal (-

formng a cogfer ~diffusion barrier
subdikstopates, megl aliyidesymetidkylpmudes gidmepboarhgpds.ei n t he

copper diffusion barrier material conprises a nateri al

| ect he.,group. consisting of tantalum(Ta),.
3650 o B R SO i UBiors E Pt i md e
( TaBleqysor eonzises ahieast eneipgrouréoTistlesfed fiomt thrgrowp @idistiog pf tantalum (V)
nit fe&%oﬁﬁheﬁrlmwngtéﬂngﬁﬂtﬁﬂmm %) d%et(a%'&y an@isr%,éf@gﬁ y1-3,5-

nitride (M ,%,_mhereln X is_ equal to t;e val ency o
t hehpiapsglonatg-upnium (ID:taptalumy, () sthsides 3 V) mahoxidpgantalum (V)
met hifidorodthozida;i titantifln (IWH Rbetbxidd; fitna@RPOIt-biliokie) Jit@Mm (V) ethoxide;

i SR R SRR e S T

di f fantsiver(Vh detekig(dictindbming)aitangon rtrhid€dimathylamipo)phamitgn; MIGCO); and

WO 2R8§), 013331 PCT/ US2004/ 024326 material. 82. The

met hod of claim 79, wherein the copper diffusion

barrier material conprises a material selected from

1(87_|1_ eTigr 0etibdafoBing 51, RGerin thelidd¥eral ohthribds tad Rk yhitHidY Bafriedl Byer material
|

Mthe precursor comprises at least one precursor selected from the group consisting of metal

B-diketonates and metal alkoxides.
88. The method of claim 52, wherein the material comprises a nitride barrier layer material and the
precursor comprises at least one precursor selected from the group consisting of metal

alkylamides.

89. The method of claim 52, wherein the material comprises a silicide barrier layer material and the

precursor comprises at least one silicon-containing precursor.,

90. The method of claim 89, wherein the at least one silicon-containing precursor comprises a

precursor species selected from the group consisting of silane and t-butyl silane.
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83. The nethod of claim 79, wherein the copper

diffusion barrier material conprises TaSiN. 5 84. The
woreioko3sf clai m 79, wherein the copper diffusPONUS2004/024326

barrier material conprises a material selected from

the group consisting of tungsten nitride (WNX) and

91D | Thb detioth of ictainh ¢2, Widoeidhe maHial Fivprisee tahedpen fdiffisigin pprrier layer

52 ’ma\{\éfr]ﬁ{ a‘ia’nldqlaet &Ecug&t Srdofiles GORE bR pfer BREErdE Selé@¥Gfom the group

material an e prec@rsor conprlsgs at least qgne .

pr eousisting ofsepree (1B B-dilretsmptesh eopger dlhoaskomdaies Fopgerdh) cidlengpiadienes,

J 3-coffd £& @hid@| 40X k@i Sase BRILES ofahdefdranenti@Bd copper (I)

andco%fg%ﬂ?gﬁ E)or%)/?g? 10 86. The nethod of claim 52,

wheP®i% t he material conprises a barrier |ayer

material and the precursor conprises at |east one

{5d 0 . | X including at leas
%ﬁ@% rn?eﬂlroil \ifélgftﬁé?, Wﬁ&%g’)](’ls RoBoP YRnf R8I ridid1 R8mfx including at least

al um r aet cetyl acetonate; tantalum ( )
(t eane Higanh gsiSeyed fiopy thy group cgnsistipgefSxikstagips qarpxylates, cycloperitadiene,
hepinafidianalaes. titanium (111); tantalum (V) ethoxide;
tantalum (V) nethoxide; tantal um (V)
trifluoroethoxide; titanium (1V) n-butoxide; titanium
3. hetmelhat ofcllaiie 92, whtrein ihgmefal sgmplex sdlpiie-fre¢5 ti t ani um
(1'V) i-propoxide; pentakis(dinmethylamno) tantal um
§V); pent aki s(et hyl - net hyl am no fantal um Q{%, lected
Aet}'hgwe@eépfé;clmls%tm@rﬁla)thetpreegﬁﬂrﬁ prises at least one toppér precursor selecte
t et frékihs pdip®bdigthgof no) titanium MY CO 6 and W CO) 6.
87. The nethod of claimb52, wherein the materi al
conprises an oxynitride barrier layer material and
t he precur®dmuasishpri ses at | east one precursor
selected fromthe group consisting of metal 20
/ 3-di ketorz&:@it $nd met al al koxi des. 88. The nethod of
cl aim 52, g’nthe material conprises a nitride
barrier layer material and the precursor conprises at
| east one py&pdAN’ sel ected fromthe group consisting
of nmetal alkylamdes. 89. The nethod of claimb52,
wherein the material conprises a silicide barrier
| ayer mat ghi@ipzand t he 25 precursor conprises at
| east one silicon-containing precursor. 90. The net hod
of claim89, wherein the at |east one
silicon-cdM @@ By precursor conprises a precursor
speci es sel ected fromthe group consisting of silane
and t-butyl, sil 37 WD 2005/013331
pCT/ Us2004P6343538® o1 The nethod of claim 52, wherein
the material conprises a copper diffusion barrier
| ayer nat efj @lroshk)t he precursor conprises at |east
one copper precursor selected fromthe group

(8) Cu(acetate),
(9) (VIMS)Cu(hfac)
(10) Cu(tod),

(11) CpCuPMe;
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W@ b@apias3t copper (1) am des,

consi sting of copper (11) fi-diketonates, copper (I1)
carboxyl ates, copper (1) cycl opentadi enes, copper (1)

the aforenenti oned copper (1) 5 species. 92. The

met hod of claim52, wherein the precursor conprises a
met al conplkpeu@ibg),udi ng at | east one |igand sel ected
fromthe group consisting of f3-diketonates,

car boxyl at es, cycl opent adi ene, phenyls, and am des.
93. The nEBhE@)SHCIcl ai m 92, wherein the metal conpl ex
is fluorine-free. 10 94. The nethod of cl ai m 52,

wherein the pr r conprises at | east one copper
precursor(]ﬁéeggﬁgédﬁ%romthe group consisting of (1)

Cu(acac)2 (2) CQu(thd)2 (3) Cu(dnihd)2 15 (4)
CtJ(bzac)Z(lS%@g(thbgCHB)Z (6) Cu(oxalate) (7)
Cu(formate) (8) Cu(acetate)2 20 (9) (VTMS) Cu(hfac)
(10) Cu(tod)2 (11) CpCuPMe3 38 WO 2005/013331

PCT/ US200416024@R4m), (12) Cu(dibm 2 (13) (CO CuC (14)
Cu(hfac)2H20 (15) Cu(hfac)2 5 (16) Cu(tfbzm2 (17)

Cu( hf
(MHY) ( (lqlc):%l\/lHY)Cu(hfac)

(18) (COD)Cu(hfac)

(19) (DMCOD)Cu(hfac)

(20) Cu(pentafluorophenyl) pentamer
(21) (VCH)Cu(hfac)

wherein:

acac = pentane-2,4-dionate

bzac = 1-phenylpentane-1,3-dionate
COD = cyclooctadiene

dibm = 2,6-dimethylheptane-3,5-dionate
dmhd = 1,1-dimethylhexane-3,5-dionate
MHY = 2-methyl-1-hexene-3-yne
tfbzm = 1,1,1-trifluoro-4-phenylbutane-2,4-dionate

thd = 2,2,6,6-tetramethylheptane-3,5-dionate

39
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(18) (COD)Cu(hfac) (19) (DMCOD)Cu(hfac) (20)
Cu( pent af |l uor ophenyl) pentanmer 10 (21) (VCH) Cu(hfac)
wob@s®e13331 acac = pentane-2, 4-di onate bzac PCT/US2004/024326
=1- phenyl pent ane-1, 3-di onate COD = cycl ooct adi ene 15
di bm = 2, 6-di net hyl hept ane- 3, 5-di onate dmhd
=1, 1- di netiby+ hexanret3idtati-Nhaibaite MHY = 2- et hyl - |
-hexene-3 -yne tfbzm= 1,1, 1
-trifluoro-4-phenyl butane-2, 4-dionate the =
2,2, 6, 6-t XCEAmRnAgIclvbprarme- 3, 5- di onate 39 WO
2005/ 013331 PCT/ US2004/ 024326 tod =
2,2,7-trin yloFEaneBS,S-dionate VCH =
vi nyl cycl offExaRE PO WYRG | ohexanebutyrate VIMS =
vinyltrinmethylsilane. 5 95. The nethod of claim 52,
wher ei n th@nqgggﬂﬁﬁﬁkmggmméises a copper (I111)
precursor, and the conposition further conprises
i sopropyl al cohol. 96. The nethod of claim52, wherein
5 bheTimihahddadf daim 152, Wiereiretle preiride cangaRés BEoPpd QI s @Sor,Band the
nObIo?n osqec}nq#m%pc%/ orrisesfa'scl)’"r)obI leal O glal oxide. 97. The
met Hod ot clal N 96, cwher &rn the nobl e metal and/ or
nobl e nmetal oxide conprises a 10 netal/netal oxide

56 CheRetfRlof ChiRE2f WEMRIT IRE mBHERH B KeGheed bk M8 silitraR BnpiMiM noble
dridiumoxide (1rQ2), ruthenium

Pt), iridi I
ERu ?dkgwﬂéﬁgh%F%éVH@&(RuCE), pal | adi um (Pd), silver
(Ag), and gold (Au). 98. The nethod of claim 97,
% ek Itﬁgf{u?ie ofpglﬁﬁlu%? QherSi THY h&o?esmgtalnﬁl%l- nB1€ GldlaP Bide comprises a
romthe

sel ecte
10 metal/metal oxide species selected from the group consisting of platinum (Pt), iridium (Ir),

iridium oxide (IrO,), ruthenium (Ru), ruthenium oxide (RuQ,), palladium (Pd), silver (Ag), and
gold (Au).

98. The method of claim 97, wherein the precursor comprises a metal precursor selected from the

group consisting of

15 (i) metal carbonyls;

(ii) metal (B-diketonate),*L wherein x =1, 2 or 3 and L = Lewis base ligand; and

(iii) mixed ligand compounds.

99. The method of claim 98, wherein the precursor comprises a metal carbonyl selected from the

group consisting of Ir3(CO),, and Rus(CO),..

20 100. The method of claim 99, wherein the supercritical fluid comprises supercritical carbon dioxide.

101. The method of claim 98, wherein the precursor comprises a metal (3-diketonate),sL wherein x

=1, 2 or 3 and L = Lewis base ligand, selected from the group consisting of

(1,5-cyclooctadiene)Ir(I)(acac);
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group consisting of 15 (i) netal carbonyls; (ii) netal
((3-di ketonate),,-L wherein x =1, 2 or 3 and L =

wahews®i1Base |igand; and (iii) mxed |igand coP@DUSZIE4/024326

99. The nethod of claim 98, wherein the precursor
conprises a netal carbonyl selected fromthe group
consi st i narigfordoimficXi@n@ea); Ru3( CO) 12. 20 100. The
nmet hod of claim99, wherein the supercritical fluid
conprises supercritical carbon dioxide. 101. The

met hod of (eihdirinthgglaneipeddicrafinereacpiylecetonaio andonpri ses a
nmetal (fl-diketonate),,-L wherein x =1, 2 or 3 and L

= Lewi s bas and te

conet st i novat 4 SRt ostesar ey Ei B disno

2005/ 013331 PCT/ US2004/ 024326

62, PR RERATBE LERE bS r§1¥e¥é GRCHEo i ixed ligand iti
?Vil nylt rllﬁet hyl silE]r ane 1) ( h‘gr %Sf)rugorng)gcszegt%/ﬂxgetl nat 8 jrposton
andincluding a compound selected from the group consisting of
bis(2,2,6,6-tetranethyl -3, 5-heptanedi onato) Ru(11) (1, 5-

cycl ooct a 2 The nmet hod of claim98, wherein

the pr ecugggs%zugll'% s)es a m xed |ligand conposition 5
including a conpound sel ect ed fromthe group

consi st i NGetfiis (SR AAMEIEp16ARA
tetrakis-(tri phenyl phosphi ne) pl atl num (0);
trimet hyl - met hyl cycl opent adi enyl platinum (1V); and
t ri car bonytimetiilimethgleydiappenticagipdtipdm @V petndnum (1) . 10

103. A nethod of fornmng a low k organosilicate film

on a substrate, conprisi n% cont acting the substrate
with a deptebondmetilicyderritadiss ) ng an

organ05|llcon conmpound and a supercritical fluid,to
‘ii&gs e gl}oﬁ’& Ifongngrglt lrg\g?{t (%Janoiq%atnqislﬁg lro:n %Lsﬁgsgfa)tﬁ’t cgmﬁnsmgg contacting the
mat ebjtrafe with faodmgmndcqnmslwnopcgm@sg |ah cagagosilicomn campund and a

por %&c&fcgeml@ﬁb labfosit € s111£dn|-cmlt5mm£ BReSHRE tﬂ(eastuﬁstratlz 5an& Qfﬂrlfymg the
The et hod of claim 103, npri Sing contr ol

por YEgop-yorginingymateript i Qg F@%H&’slf Pﬁgwl%caﬁ flwpy s tad°°§PI“% Praanosﬂwate
t hefilpnomakesulgtrganosi | i cate filmas a filmhaving a
predeterm ned dielectric constant.

104. The method of claim 103, comprising controlling the porosity of the porous organosilicate film

to yield the porous organosilicate film as a film having a predetermined dielectric constant.

105. The method of claim 104, wherein porosity is controlled by controlled incorporation of air

bubbles in the silicon-containing material deposited on the substrate.

106. A method of forming a barrier layer on a substrate, comprising contacting the substrate in a
contacting zone with a deposition composition comprising a barrier layer precursor and a
supercritical fluid, and continuing said contacting while flowing the deposition composition
into the contacting zone, and discharging contacted deposition composition from said

contacting zone, to effect growth of the barrier layer to a predetermined thickness.

107. A. method of metallizing a semiconductor substrate comprising contacting the substrate with a
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105. The nethod of claim 104, wherein porosity is

controlled by controlled incorporation of air bubbles
WO poosl0€333i | | con-contai ning materi al deposited POT/URE04/024326

substrate. 106. A nethod of formng a barrier [ayer on

a substrate, conprising contacting the substrate in a

20 oappdractailiagtion preeursar infa sepetteifiabfliid, ddepasitpapet dnd@iR substrate.

conprising a barrier |layer precursor and a

3ﬁ$ercritical fluid, and continuing said contacting

- e methgdhch éprinine clrelinges o1 a rferaisprdBaiort subsirate j camprisingecontacting the

C ONgudSitateN it &1 €lect@dB ndieS4 Hadcaibdddn GQONbRGHSH RRD RS bdpb@Nelectrode

conposi.ti o f%on}sald contacting zone, to effect

gr ottt na?“&ﬁ%‘ﬁgerier | ayer to a predeternined

t hi ckness. 107. A nmethod of netallizing a

sem conduct or substrate conprising contacting the

substrate with a 41 WO 2005/013331 PCT/ US2004/ 024326

copper netallization precursor in a supercritica

fluid, to deposit copper on the substrate.' 108. A

nmet hod of form ng el ectrodes on a sen conduct or

substrate conprising contacting the substrate with an

el ectrode material precursor in a supercritical fluid,

to deposit electrode material on the substrate. 5 42
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