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

fluid, to deposit copper on the substrate.
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deposition techni ques reflect the need of the art for

i nproved process technol ogies that are free of such
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[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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10 equal s the density of the gaseous phase of the
subst ance. For exanpl e, carbon dioxide (CQ2), which
is a gas at standard tenperature and pressure,
gﬂ)%&%§3§ a transition fromliquid to SCF above a
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therewith, to deposit on the substrate a materi al
deriving fromthe precursor conponent(s). For

exanpl e, the precursor conponent nmay conprise a source
MRAREIMissspMPouNnd or organonetal lic specieg or

coordi nation conplex for forming a netal IPCE”J&"%‘FHZ%
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ACros

composition may be delivered fo the substrate in neat fluid, mist or aerosol form.
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corresponding metal complexes in the PVD process. Ilustrative examples of metal complexes of

" such type include, without limitation, Mo(CQ)s, W(CO0)s, Cr{(CO)s, W(PF3)s, Coy(COY, and
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p fegeedation of] thelorgatic podimiciniacdeatyd sebstiatyrid Yolagilo Ifipgmonts thept frainces the
p adsikdd Qotbwriling, The ddéogiBosdd QRS aie Wal carSdd GlRaydth iMeid kifhamic SCF

~ othgpwise result in premature degradation in delivery

30

ltnes to the deposition chanber. For exanple, TMCTS

pol ynerizes in delivery lines at el evated

t Bt Hatuisegioxmsudiibyacabut ard @G Cersatile.t his potidath indddig mixed

C BihiSdalil MY the HRIEO AHRREE S0 & ® hiRERISRRS LI BF'porous silicon layer
for specific applications. For example, cube monomers ¢an be prepared in which epoxy and hexyl
groups are aftached 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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process and associ ated equi pnent. 25 [0053] Such
prenmat ure degradati on problens are overcone by
SCF- based precursor delivery and deposition in
qﬁg ¢ With the present invention. Supercritica
flutd so utlons of low k precursors are r&&diUf3pe424326
delivered into the growth chanber at | ow tenperature,
lOM/VISCOSIt of
o i Bt Pl bl onef Uil R oot GRS ik vy
pﬁ@ﬁ?&?@mﬁﬂWPHE“?Hﬁ@PB*%%WE%TEW??%@ﬁwg%lutlon is
reduced, the solution undergoes rapid expansion in
thwmﬁam&ﬂmﬁﬁﬁﬁﬁéﬁ@mmﬁﬁgﬁﬁﬂmpreCUfSOf into a precursor
vapor, with no ancillary heating requirenent being
required. 10 WD 2005/013331 PCT/ US2004/ 024326 100541
Thus, BCF- ed deposition techniques of the

invention, jin application to low k film precursors,
reduce therdmally-ji nduced pol ynerization .of precursors
such L lQgX _More generally, thermally unstable

| ow k{filmprecurlsors of variant types are
advan1age04sly ddl i vered to the deposition substrate
by SO:-bas?? conpgosi tions. Exanples of such sil oxane
precufsorsMnclude 5 TMCTS and OMCTS. SCF speci es that
are part|c¢IarIy useful for such purpose include
carbop di oxi de, {mret hane, methanol, dinethyl ketone
and spitfur Siex@fHuor-de. 100551 In one aspect of the
present inyentior involving low k film formation,
supergritigal flyids are enployed to deliver
thernpl ly Unstabljeyl ow k precursors for the deposition
of nmesopor gus organo-f mnctionalized sil sesqui oxane
(SSQ thin_films. SCCO2 is a preferred SCF species for
such 10 deﬁbsition, al t hough ot her SCF sol vents can be
enpl oyed, such as those illustratively nmentioned in t

hestprsie 6REIR Rehdpaidagy RRhed RRGAOSE aidFLEC et 0-B), Er§l ad CeCy
eéﬁ(ﬁ)@”‘%xﬁﬂ!@? YM &H%g\r@%% r%{lﬁ —&] (IB )-0 l I m nat g%ﬁ,ﬁs m%epenQen%y

for energ | Nt ensi ve
o isiee e Pyt VRIS ﬁ%wlz%tgqoeﬁlaee)ﬁo%em 'n the SCF

are isolated in a conpletely dry state upon venting of
t el enBshibi28 n&h aamgﬁt Serd @&Dan@xaﬁmuu&e%mg gt bl Bghesfls

1 T CE I n

c%gés ;&g tg%pemnr%dn 5 mcmsdd sso ‘r’tg)ﬂlq"o%?{Ji f’(t‘]’é%bc é"éﬁ%‘%ﬁ%&f it would
s PP Epectrd €1at such golymmers gveeldinas Recsrlskle in g soﬂwgmh@ems hasibeey fepd

t es &wpnaeuirSedght palyrkl ef Sl se@ludt drd RlBlk iinTinba ofnic 50“@1(3

n %ﬁ&,itlgnglry, Jﬂ&h%ﬁyﬂ&%ﬁ%ﬁal a?wg.g% @teﬂ{e?w [n§r§ eﬁg%t tg X}S'gen rgctwe ion

avoi di n assocl at
FEAT) PSSt A ST © tke) e 7 SHSt Ao i
nxcpllvet tigberhal, chemiyal jnd B¥ stetolity, gévd medlepd piopartiorand sasdlawadhaisn,
discussed earlier herein. 20 [00571 A critical feature

Ofg]'gtﬁﬁ ;‘igllé g@F s Q(H’%OJIEI%}M and &)elil%a nncl)e%mcllsl 0? %E %.vguhon are ajso amenable to

the formation of high k films. The deposition of high k films from supereritical and solvothermal

fluids is a technique in which reaction occurs in a pressure vessel, allowing normat solvents such as

water, ammonia, alqohols, carbon dioxide, etc. to be heated to temperatures far in excess of their
normal boiling points. The result is an increase in transport propertics, diffusion sates and solvating

12
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solutions is the controlled incorporation of air
bubbl es (air having a dielectric constant of 1.0) in a
matrix material to forma nesoscopic conposite
WBLEkslfksnaving a substantially reduced m

constant. I'n such porous natrix |ayers, éﬁ%ﬁ“@@%“?“
constant can be varied by sinply |ncrea3|ng or

degs lofiBe SRt | ¢ o
el e ol b SUPSERlpst pp

V|tr|f|c 0

2 5P &G d??%% %?m%?ﬁw% S TS ymer on a heat ed
substrate to volatile fragnents then produces the
de®iezieth spglicaivisio finnilin of FRe kAQRATMOGS the QGRBECReRl Bables filn

I e@abid aﬁ%@xjalﬁgs b@l\’)\@é’oo*@ ssqlrc@ullt @gcpﬁ{u%net{cs SIgFmaIerlaf aloyed as
,[0058 sequi oxane ang. s are

5 PRL e B £ < A okl 0 Pt sl
f umptoyed arall thet fijm forbe Grhdd on tho specifBi sutBtraler ARMEALE 67 BEFul Atat @ntered
t adomfYinds,RE., Qﬂﬂﬂﬁ‘efat dRS s&ﬁ astHl %r,ﬁ.g.,r‘ﬂ% T§,'PL lefe! OzE io%o%ﬂds sutfas

q%(%QECIfI I|c |qns exagg noner s
ca Fepafs o s ? Afthiteh &y ﬂ@%@%ﬁﬂh
at%ﬁ%ﬁeﬁ@@e%leadmhwm@, EoCciivis, m! corplfy@tions of two or mare

10 hydithoplepddigci ty of the resulting cured polynmer. Due to

15

20

25

30

their ease of synthesis, chem cal adaptability, |ow

c d exceptianal physi cal propertles 11 WO

o Qs 54 ! FS e FPBFY tEptstynistaom fstaether,
orPassyad fprlekand aen-nokf wetal cosi de nad simulamdusyna guelvent can be

P Qikedilly inﬁixpofa&ﬂ mahe\ﬂcﬁ—ﬁaséﬂ%m@hﬁ'on, s@ﬁhaﬂﬁﬂa&c%ﬁh@:@ SholeDanipl €2
CUNED P o RLIAD it RAUSTEHS oS¢ bl BASAURL s LOTR Aoy,

Si | sequi oxanes %ave OMAng

S suifgble frpes i Gpren diox] ee‘ﬁ”é‘ﬁ ﬂwn?%a W%ﬁ@%ﬂ@bq*ﬂhevs usefhlly emglgyed in
f ragnde Mirieibt afidicatibrie Yok fornBlghigh k fllkenyl , C6-Cro aryl and
Cl-C8 al koxy. Siloxanes in tun1have the formul a

- ( each i S endent |
< 08 Dol sor bl Do e B o By o
aPYPPIra dFlive_tonthe ybptgigyfo f‘f’BGﬁM lagjes, 9660 T FARENIAWE or their
advaﬂpugesmﬁﬂmmrmhsmmmsmﬁﬁmﬂnamﬁeumheipg[&&qmaumhmﬁ&
hlo@\&&ﬁemgl a&a all§yk a¥Sdplel ¢ sud
BRI
P ARy o Sl i 0 s, <paed i st s
ﬁ@%mﬁﬁf§6¢ﬁﬁﬂ@ﬁ#ﬂlnnst sol vents, however, it has
been found

[0065] For barrier layer formation, barrier layer precursor materials may be of any suiiable type for
forming the aforementioned nitrides and silicides. lilustrative 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 fitanium amido and imido compounds. [llustrative tantalum nitride (TalN) barier precursor
compounds include, without limitation, Ta (IV) pentakis(diatkylamido)} compounds, such as
pentakis ethylmethylamido tantalum (PEMAT), pentakis dimethylamido tantalum (PDMAT) and
pentakis diethylamido tantalum (PDEAT), and their W, Nb corresponding compounds.

f0066] For nitride barrier ﬁlms, supercritical ammonia (T, = 132.4°C, P, = 113 bar) is an excellent
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that | ow nol ecul ar wei ght pol yners of such structure
are soluble in nost organic solvents. Additionally,
such polymers have the advantage that they are nore
resi stant to oxygen reactive ion etching (RIE) since

PP U P YUcture’ is sinilar to that of Si ()ZPCT/H52004/'}24326
addltlon S|IseqU|oxanes exhibit excellent therm

ch it od nechani cal pro ertles
? excgfl (mﬂ‘ﬁ%isl o %’(501?08'6‘%’5?? oy farmethe ?ﬁgf‘é}’é%“’“ of a metal

cor tF‘b‘ﬁ §“"a$1@m§é Fecoranogjtiontie broitts repftivistieveiyivightiide formation
3| e Iﬁﬁ”@n&dmhlfmt ishacilitaR@® 1h @FdEAS inQRaiOFrodds géaanietefslshcims p@m and
eg e ! su ercrlthg

eoﬂithgl e?t}ls%l;]le lﬁmftsj }OP’EI % ¥ cu'cm(p Qoessing, g prr%gralﬁ lgﬁng

ni que 1n
Soc S’&‘F‘?F ?‘W dﬁ“‘”ﬁ?"é‘g‘g‘lﬁ?ﬂ@ﬂwg @é+ <2091C) Beireigreh I spalicationd iy wiridhdt is
_suéWﬂd@awmbmé¢hmmﬂmmnmmaw@ahmmhﬂhﬁ@mxﬁﬁdumm di oxi de,
etc. to be heated to tenperatures far in excess of

th in ints. res

o7, 832y Bl D Bl eeroieS cffep e, OB i e
s oPPHFisihfuid slvighysingg @5%30@% FelufdE TS0 2 6@ 482Ble in such SCF
pr opert Tieg niobged e bsiadoiperaikd in T GCRflfiPsta0daBar® Hé Br carrying out

101 Cledbive\ifkditioh W, gkeam%rﬂ%nig%ﬁ%tx&%%ﬁeﬁ?eﬁl of GLyst al s, bulk

powders and thin filns erent nateria
systens. [0062) In appllcatlon to formation of high k
natd8] Zhe igverfien thus cqnicmplptesein e 2PER therendiaalerositn p@esss thi tia growth

fS %ﬁzrbrdgmhsﬂg@]@&ﬂﬁhlmﬁls mbﬁhﬁt\?{leﬁﬁggf assuﬁbr&lﬁcavh&d Qfution
e. I | CCl Su
ihi) for i Fﬁlﬁculﬁ ﬁ'a%tr(%erd ﬁ ﬂ; ¥\ ted %strate sgrsaf:e in a

m can y Sur't

precurs
t y(? pe ‘g [“ﬁapﬂf?ﬁﬁf i At y‘[‘*’&““t Besess giperp é"Flfil‘P oo [oepfigpously on the
e nﬁp}b%%iﬁrﬁanwlp Koe byf-prédacts 2o doied apnyie the SOF, & eCEP@Rtd Gince the
S Udagait Bals ad lsdiibBlill 4 50fCsoRfion 15k FRS@Rnink
CQHE&HQQ@mmS;g with a metal centgﬁ$sucﬁﬁﬂggkggn§?gmm

La, Ti etc., are conpounds such as G Cs
al koxi des, p- dlketonates, car bonat es, hydroxi des,
aclBq68lt B barfiep bapra etwrials mpelisdtd @8 subbhalk intHSprackDs ofihOinvetioyl nSlude
( ecofper, dlﬂiﬁ&ur Iﬁ:ﬂbﬁ:ﬁbéﬁalsl ﬁad oft YabrBERM1s Megave gfeflﬁg

al on s r_nore

24 hJé or e gg ng m‘ﬁ?@@ gg“gfaﬁ% 884“’&?“1‘3‘?]? %‘F“’"tq‘f’éma's include,
f orbybimEtiediREREER faetahmwdycrsrﬂg trnthlisg silicod itrifly GeBiNOstionio
arditideliN,), titanfeair sticaUlitadel (FiSiN), oR@taarnitdRAWRDNnd SbidediB L ikde
sqmnfwm.yéﬁﬂm%%m@ﬁgwé opsi n g CL,goent an be

usefully incorporated iI'nt onposi tion, so

that the base solvent of choice and the co- sol vent

f JPHPIaCoseidenne/sproific polcemetfs infudbes dotaihtTa dren afiivtvedativ enterinng
25 CCL(; ?}fﬂl)ﬁﬁ%tmeﬁﬁ@ﬁdnﬂi@ﬁﬂﬁs@ﬂ:tﬁﬁtﬁﬁypeﬂ- B) 8idh kﬁ:@‘n@ flc}ﬁggng strong

W

A OB Rl 138 ol B g TR oo i e g

appieess! °Efﬁ‘§‘°9|“’6f°“f°8}s’rﬁgn§’1’l’ﬁ gh k fi s, [0064] In

anot her aspect, SCF-based deposition conpositions of

: he7i] NEaB) HobsExkes PaYus b@m&%@loﬁy ﬁgplfré:}ﬁetal Ro SR, q’yhetgz?tlidl‘axsr{ fifm
QS &oF% &ﬁ#%ﬁ%}c s of IP%(%Q Q?r 5 'IeaE*I that){)?ocks gram b%undary diffusion

30 patﬁways thereby cansuwnng a supenor diffusion barrier material for copper and copper-based

alloys. Ideally, a bartier layer should have a dense, amorphous microstructure and a smooth surface

14



19

15

20

25

correspondi ng silicides, or interconnect and

nmetal lization structures, e.g., of copper, alum num or
20 other netals, nmetal alloys and species, on

sem conductor substrates. The precursors for such

S BELEY e di ssol ved in appropriate anmounPST/PFR0GOR4326
medi a, and contacted with the heated substrate to
effe t deposition of the desired material. [0065] For
bg?? TE formation, barrier |ayer precursor
materials maybe of any suitable type for formng the
affang l'lﬁfl’li)ﬂh@lﬂ@ihd’ﬂeﬁcﬁlh&@ﬁoc@ﬂd vl l;hb &hddﬁSf mll'dgl:d«iﬁ e @ifd MRr, e

pr, M Ld it ati on, .
PRy gl p %%fme rai‘?‘%@%‘% el ooy B bl 2 e
d PP Yl & barer pfmizatio ﬂmge'e @tﬂwéklr %mamﬁféttlaﬁﬁhaﬁtr"ﬁlaf
t ichaages Gom é BOWB)e, to a kol qss;mﬁw@hcaraen tphabea haa igpahgOI, Lt Surther
BB iR S R el N RR A Lo o copper
S et s PR £ g bR ol el
pém@ﬂw%Wﬁ%ﬁﬂ@ﬁﬂﬁﬂ%%?mﬁﬁhpounds such as pentakis

_ethylnethylan1do tant al um ( PEMAT), pentakis

lﬁrig ag Qm&ﬁl@lls ﬁlaﬁéll@l ﬁ:? %Q ve@n%h CC%QQI H oﬁlﬁ er properties.

dleth Ian1do ta al. um err

cOFPREPY Lkt °‘[PB‘I58'§TS“P8?”“% Piﬂ?&%ﬂﬂ&grﬂrﬂw@rm

f sihgren a@mﬂ@n&:’nﬁ hag ap gammmﬂ@es( % .actas SFIE, paClor=dopPr latamns

i szome@m&edn{.@rﬁmfmﬂ&m%&@ﬁ%k@nk&%%&@nm@w%&%ﬂ@é&%@m

S sol vol
%r}{c%];nd Eﬁgsﬁsﬁﬂmﬂe%gs maggemfss ei% m some 'hcago%s g?‘ e present i vXn‘tci

reactron eco
F@%ﬂ?@ﬁﬁmmﬂﬁﬁﬁﬁhnﬂﬂ?ﬂﬁbw¥ﬂ%¥ Pwﬂ%%onp05|t|on t he
partlcle reactivity is very high, nitride formation

| oty Mﬂ;’erpemw&oamk dxBibif &6idnt ﬁaaimemmmr&m@ &gatng copper up

ce tars..such as
A T el e G e e s L B
C| wm@@w%@m?ﬁom%ma%w@mﬁm*m 5
relatively | ow deconposition tenperature (e.g., < 2000

a[fmsﬂ) rets rvﬁgty of BardR Ireb&sa;s i @aéiwérame\m 5€Rbasdd doiposiH&S il ﬁ@'
VOj non- recur.s
L P %‘F‘F“é‘é’“‘“%‘%ﬁg"f‘e@t TSI R R B

films, supercritical carbon dioxide (SCCQ2) is a
phhﬁﬂhﬂaﬂm@&upercritical fluid solvent since many -
gases including H2, 02 and N2 are miscible in such SCF
spl.ven Thus itro | Neo t n.th

f BLtXham é\g wuae{ﬁo%ac%qgac%m%gaﬁ?n%gxmﬁgf(teﬁa 'rg xyl? g‘l @,? 6,6- iegam ﬁxyl%%F
r@?@?ﬁ@%m?ﬁquqﬂgip@ﬁmﬁémﬂyﬁﬁﬁnhurlng the deconposi tion
of the netal precursor. [00681 The invention thus
cp@&ﬁ@yﬁﬁges, in one aspect thereof, a deposition
process for the growh of barrier |layers using
supercritical fluids and m xtures thereof. A

s tapelae (Y)tefhede, rtaliing (Vg sriethexidefantabion Vi Inffiranethoxids. fiimivmi @) o-

| Bwytde, it (B)butbxle dighiud @V pshotiel A6 fithnfunN\) propoligat ed
substrate surface in a

mefal alkylamides
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10

15

dynam c delivery pr ocess. The dynam c process all ows
the filmto grow continuously on the 15 substrate
surface while the by-products are carried avvay in the
we 200 C02, solution. Since the organic ands
are so uB1 e in the SCF solution, the chanc@cypsgo“m‘”‘”
contani nation on the grow ng f| I m surface is

iyt iy e85 O Tkl DY, ClnBVS1 SBLEL! S BB T o,
t th supstrate 1n e practice
éﬁ“‘ﬂsg‘a YE’%‘ ‘ifﬁ%ﬁd‘ﬁﬁ’fyf"f“@?)“ﬁﬁ‘l‘%rlals and a

varl ety of barri er materials that are effectlve in
proeel @by 20 or minim zing the occurrence of
di ffusion and m gration of other nmetals. Barrier

Iude, without Iimtation, tantalum (Ta),
m"?@”mﬁﬁ’ﬁ% de (TaNJ, tantalumsilicon nitride
(TaSIN), titanium nitride (TIN J, titaniumsilicon
n o6} dtthoubh 31 MMt FkddBERShBIdud }Iafré agﬁec{aw\&o)ubx&? ¢ MM%&&E‘

) e val
g bgzt anf/grw\lctge eoéﬂ\é@(%{ll%ﬁ ta? preclrsc rsc(lo rr%-éi%ljcﬂoonate 3618 g%%ldes will
CORBYRAE uig f‘g P& dippition b%qxwﬁacs siree oide cqnigmingiion ppuld nefmeliyjatise
Tdromsle@mpositidnrafi it oxide piraiof, @1d tditadedl dlglamidtifrecudds #i0 bé prbnarily

( haded i &40 ddgss thﬂ $Hhe Q‘E ﬂtndes ( I’?D} sﬂﬁcm&rﬁf @els' shl}{on%tk{a\ %g&gxfg&rs

(%%Fr*’gl“‘z‘eacg" At 0 T S ferpai g i iolvent

f GHsHrE chpleye IESWS@%ﬂa’eSI@hmﬂae@nt act havi ng excel | ent
adhesion to netals, e.g., copper. [00711 TaNk

PERSA s&@ﬁ M&Sdm%@ﬁx.a?e% %&L@sg@ %:cleagle\gmgn ?mgﬁvﬁmne Ff&ate

exa e m

eF it e Bk A sgites phochoptel ok Pt 7 geRksseates
gmwﬂﬁmmra@umffum on 30 pat hways, thereby
constituting a superior diffusion barrier material. for

C %ﬂﬁ rFma lﬂg'neg QRREL: %%glglec@ldlep%%ﬁm ah;q\%a%onsy the aS r%u E({ gerposmon

%ﬂp ave ense m cr os
8“’“?%"‘&“??&% PR GPoRh A T ASH O ST PUERY bRy opoter
4 feQucihg 4Bre@nts. f r ee of micro-defects. [0072] By
controlling the deposition process to vary the amount

Oiooﬂi] tl‘)ragig[elﬂrfﬂ J}nﬁ Hgé?ﬂ&h&urﬁeéogyo% a?{»hggom can%SI S V{lttIX fmy suitable

hase respon
" Bt et ey RaRTet iy bl A ST s dpsiong oo
bbe delivered ot thensubsgidts rfice A8 cdnti@ous intrinagre Bifcktorttin@us filds BRowis on
i ﬂl@ EBASE Shifack hﬁﬂlfﬁr—{)rﬂaﬁ&; dfe B%Ssﬁoﬁbeﬁm §NaIr Bl sl @m of

DRSS A R bttt bl ol Lo AR B

,oﬁep?ﬁalﬁb EqTpesitign i be q«'fa@wﬂaw Raddzer phimnsty, theTiienﬂsmsxh eposition,
godetg@offie Expartlivd ind SipBiied B frdc@for PInPRBHL) RS ps‘ééu&brl vagor.t §hch

%Lr!zgﬂﬁ mil}lhe Icérlquﬁteat @ﬁtlgvﬁ%v%gt%cferé? Qo% ?e{nﬁg b 5 8 ﬂ1C the resulting

per specti ve cur sor

nBE P bf’%‘*}fﬁ?“’d?ﬁ%ﬂlf\l‘e?‘? e REHOBRY hededied Sim theten

exhi bits very high copper diffusion barrier

POOPE SinbQFecursor components are in many cases guite reactive, the selection of superctitical
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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10 Anmor phous materials typically show good copper
di ffusion barrier properties under thermal stress
since an anor phous | ayer has no grain boundaries to
act_as di ffusion paths for copper atoms. However,

R AEHHPhg uni form conposition in a trenchCEIRHERHE

is nore difficult with anorphous barriers, and thus

e.le eferred in sone
ab’B’faf’%la{:ﬁ?bN}g 031“%?%%’%;)?% d?%'} Ii]l{(hventl on, while being
nore preferred in other applications of the invention.
1E0:{1§')(W 4 pariionar pRraus halresanivehinh]' S@bhaded iidpos@iac edulpesitipns are

mﬁs%ﬁhﬁé %&fﬂ%ﬁﬁhlg mspga%ehn&%omt@gae&wmrwﬁwmt o

pol st.a S effe ve in

PR RS ot Dt Brereg oy i ﬁ‘@bgm%*“"a‘ﬂ'@ %
péﬁpt’slﬂali of cepba &s@lr@ﬁn dedptieslyad hxghvenwtmp yﬁawwr@t | ower
tenperatures. [00751 A wide variety of barrier

p[?ﬁ&i" I:I‘ﬁe mi{:’entmﬁ thqel | Yeg L ﬁgllh(?d df ﬂ)w gﬁ%m@t‘@é gf; cb%ll]é éu&pcﬁtléaln

e Lnvention I nc

i @Pﬂéfpﬁ%ttop (ﬁ&@?&?‘i‘fﬂ“@’é i depogjiinai(FEDY. 4ysofvpyt &’r‘ts W%Eﬁ%safeéw
| propettieke £.2., BEi)ebaiity tdddiifeitiynbd es integretiiate betwegd/Anid and gasecous

t Qﬁ: LAek haxRchiViReHL Qaﬁﬁnﬁ aiugfa 3 U icw and the liquid behavior

aet h and 6- net h 3, 5=
Bt e Ty D e e e Ffa‘%g R i epbis can be
TFUPW‘B)( Jdipvterl dbtwesh lgeslikel angt liquidriiks| byrpmelg/ymetphvosu temgperature and
t padad Wil W) ned®xb figAdatitchankaidsattedim (V)

I rifluoroethoxide, titani um (IV) n- 25 but oxi de,
titani.um (I t - but oxi de ni.um et hoxi de,

t I°PEhiAS ﬁ?“(vff%mrhem RGN i B %&“‘W‘Vﬁ
2005119 I&@&@W@W@Q@Mﬂ@@ Aa@@on p%ﬁf-tdlkq Brectiserebe thhiaie i)
t ﬁlﬁ@rﬁiﬁbﬂfﬁlﬁcvalat iPploal | 184 R tokddt] caserRbigkiadbs M) as t1a drads YeNcubic

( ﬁmm%{v&@ %&9 ethylapnino) titanium and

ralds amnoj titaniumnetal carbonyls
I\/b(CO)6 and V\(CO)65 [0076] Although all of the ‘
f 9084} Thonge fowprodiond Guitepmeositipns foedelivardrorpergrrbyigis |fdr paptapting with
\ @ﬁéat@cl’s%bsgg:t @5’3& d copp&thﬁ fitm 6&e¥dn &l'iﬁ%tﬂa_&cd\h@ fhe izR@tion may utilize
?%(nlyglgﬁa ont al rllec&g)r ’{;l'lg[:oepc jc%{st?‘rf l?lét cﬂg be utihzedmthﬁ practice of

dtes a e primarily use
f BF “t"FFé“’Id @ﬁ'&%@. 1P 6?%3% “6 XY ivelptiigy cropney preamoriallig gpompotinds and
c aniplanss that areonthetidse ngbuinge e bHewticd vipsiedepdbifianr dbeompodpdsition

of‘neet(%ch? B8 e Q&ﬁ& lﬁfe&%ns ﬁﬁngn EJ‘&hﬁﬁaf o?u@t%rﬁ&gmm&h}feryom
u us [
btore ) Fe ppied) g pots gt Pabe LSl
s fdppec Bpuddenind Lewiybgse pldeatsiof beoafaser@ioggd kdppeh@ spaciesrar i | y
enpl oyed, such as silane and t-butyl SiH3, depending

0 ﬂmis? %n&gzh%ﬁrﬁh{d ﬁ&as%hglll &@ﬁﬁ) is a process wherein one or mOre precursor species is
solubilized in a high pressure, dense supercritical fluid, such as alcohols, amines, €Oy, efc., 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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m xtures enployed in a specific deposition
formulation. [0077] Useful interconnect materi al
precursors include, without limtation, netal
t tonate precursors, such as (hfac
El%vﬁ%%%ﬁase adducts, as well as metal for m%’ggmégﬁ%fmme
net al acetates and their LeMAS base adducts.
[0078] For, barri i nt erconnect, de 05|t|on
L PRt st tidle s BinediponB Bes B s ssype et o
C&WIﬁsé@wmhvmeswmamwf@pwwewatﬁmvhpéawﬁahbmmmuehﬂhsﬂmon
ARt of hiH3dally HajAT sHG e ¥R therhaAl 6/0r ch@SdCdetdBrposition.
co reactants [0079] Barrier layer and netallization
05|t|on pllcatlons can be carried out in_any
BB pTre sopsrpiipabiinid specics gy At e inprmec By By fuffigint Eﬂ”@‘&’é Shgracter
Fm sabvatz i [@ecurton of BEREsthds ewth dizpagtintds,om DBOMIAS id-tolyent CAbe
ZQerye@lgl Y gdifefsisee RERpoliddg, au&z&&e WeQotitii) BEBIuleTmaRial 5)in the
su ercn 039 fﬁl EO e %2 SO?&nﬂl fi Contl nUOUS fl l Gﬁlg %&
B 0 7Rl SR O B P B
déﬁﬁ@ilwl 6R: prabpeplimesd mtb@etd\mspquﬁ certpéning Jehile, soluble Yigawis mrclods
S \aiddioatet, icGimlyidids, tydtbpbdtdiene] hertisSdal aih%dmf 160 tdWch ligands as

d
d%&%&g&%%@ﬁw #ki QY Afml. a%’% &, gﬁu&@é&das fluorine-

0SIt1 0N CONposi t| on tr
fmpesitions, f &t h E"S%JTE%QS &f fhyegd %‘?ﬂtqf Bspier surfaces that
undédrfg@w reduoé q!bcmvap@ms:twtﬁawdﬂhaptgmetzlb@aWhe precursor
conmponent (s) into precursor vapor. Such 25

v %Qf] I & el- YobnddBY thg GanG2 %&}E@QA gl%e é?t‘.'&"—bas%&r V\%/t%cng{r compositions of the

t enmper at'ur nperature,

r SERtien ipplde, B#@E%P%Pm e REIVEISSPRAE PFFECPEI ont 0 t he
heat ed substrate surface to grow the desired film

t hpice@de), [0080] Since precursor conponents are in
many cases quite reactive, the selection of

sypercritical fluid is inportant to ensure cheni ca

c&ﬁﬁﬂ %ility of the deposition conposition. The

supercritical fluids useful for the aforenentioned
bag) ch@kndl,ayer and netal | i zati on deposition include,

wi thout 16 WD 2005/013331 PCT/ US2004/ 024326

Ii{?t t|on Cx2, N2, Cl14, SF6, N20, CO and the
RE @DSll In a partlcular aspect of the present
anentlon SCF- based deposition conpositions are

such as

~usBtulim), enpl oyed for form ng copper netallization on

20

integrated circuitry substrates. In such application,
tgﬁ rcrltlcal fluid facilitates a | ow surface
t gﬂ% %lgh pressure technique for 5 deposition of
copper thin filns in deep trench and high aspect ratio
Viiacatomes,ur es. [ 0082] The invention thus enables a
met hod of | ow tenperature netallization using

%ﬂ crltlcal fliuid deposition (SCFD) or chem ca

&@BbS|t|on (CFD). A solvent in its supercritica

state has properties, a-g., density, viscosity and
dih fwrsisydulngee) t hat are internmedi ate between fluid and
gaseous

(10) Cutod),

18
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substances, wth the fluid behavior including high
sol vating character, and the |iquid behavior 10

i ncludi ng excellent diffusivity and transport

r rties. Further, these specific properties can be
gg%ﬁgﬁhgﬁsly adj ust ed between gas-1ike and®FTHEAUYOP3K%e
by small variations in tenperature and pressure

W t..fhe need to physically change the sol vent.
(b

conpared to chem cal vapor deposition
wherein highly volatile precursors are required, the
o(tk)Cutddbansi r enment of supercritical fluid deposition is
that the precursor be soluble in the 15 supercritica
f ] t is enployed, and in nost cases solubilities
aégﬂgﬂﬁﬁg 10" 6 granms per cubic centineter solvent are
sufficient for transport. [0084] The use of
sgpangkct-Hgal fluid conpositions to deliver copper
precursors for contacting with a heated substrate to
d I.t. .a copper thin filmthereon in accordance with
tﬁgﬁﬁﬁbghtion may utilize any suitable copper
precursor species. The copper precursors that can be
u{lb) Gugglgdn)yy N t he practice of 20 the invention include
non-vol atile and | ow volatility copper organonetallic
c d -~, conplexes that are otherw se
uﬂggﬁ@ggﬁ%ggor chem cal vapor deposition or other
vapor deposition nmethods. Anbng the copper precursors
t (1t(Camauthiec) del i vered by supercritical fluid delivery
are copper (I1) $-di ketonates, copper (H)
c e copper CO cycl opent adi enes, copper CO
pﬂgﬁgpébﬁkgg%%er (1) anmides, and Lewi s base adducts of
the aforenmentioned copper (1) species. 25 [00851
SEMePatpentditiaaahenfl) psatgnedeposi ti on (SCFD) is a process
wherein one or nore precursor species is soluhilized
[ j essure, dense supercritical fluid, such as
a é@ﬁ@@g&mg:'nes, Cx2, etc., and subsequently
transported in the supercritical fluid, along wth any
otkeegin: co- sol vents, surfactants and other conponents
of the SCFD conposition, to a reaction chanber
cont.ai.ni . sybstrate. The SCFD conposition is
c%%%ggﬁ§¥%ﬁ%ﬁ%%he substrate to effect deposition of
the netal fromthe 30 precursor on the substrate under
abrps opriemirentadebbdienete on condi tions therefore. Such
deposition conditions are readily deterninable within
t ski the art, based on the disclosure herein.
TE@D ?#Lgf@%505/013331 PCT/ US2004/ 024326 tenperature
and pressure of the SCFl) conposition is tuned so that
t frbm d @ AdieethilhgpteheB S-diomipverted to a gas-1i ke phase to
cause separation of the precursor fromthis phase and
F Qe Qe ?m%mkﬂl%aﬁkln‘on the surface of the .
| ocal 'y heated substrate via thermal and/or chem ca
deconposition. 100861 The supercritical fluid species
ndiYi=2-edpig-terestmees not have sufficient solvating
character

thzm=1,1,1 -triﬂt_xoro-4—pheny1butane—2,4—diouate

19



-10

15

20

25

5 to solvate the precursor of interest. In such
ci rcunst ances, an appropriate co-sol vent can be
enpl oyed in the SCF-based conposition, to increase the
j, | of solute material (s) in the ercritica

?ﬁ%#g%"%%¥ exanpl e, solubility of netal caF$HH§mWWm”m
supercrltlcal fluids such as supercritical CO2 can be

a al | exes containing |abile,

Q B?%gm%%mﬂls %ﬁéﬁﬁﬁgg / 3-di ket onat es, carboxyl at es,
cyclopentadlene, phenyl s, and amdes. In addition to
S trd by 227 riwrethglogmme-Lj-dididte bei Ng 1 nexpensi ve and readily
synt hesi zed, nost of such ligands can be manufactured
ag, EI rﬁgph free conpositions, to elimnate any
p033|b|? Y BT fl uori ne contanination of barrier
surfaces that coul d ot herw se reduce el ectrica
c GiBaciclohasilatyarce of the internetallic |ayer. [00871
Cbpper precursors that can be enployed in the
S ase rsor conpositions of the invention
i nclude," ﬁm"ﬁ&% “linmitation, the foll ow ng copper
precursor species: 15 (1) Cu(acac)2 (2) Cu(thd)2 (3)
Cu(dmhd)2 (4) Cu(bzac)2 (5) Cu(ClIB)2 20 (6)
Cu(oxalate) (7) Cu(formate)2 (8) Cu(acetate)Z (9)

ORI 20k i 50168 LA s o

( Ehycerpogiobitity efﬂﬁ))rewew %@3@@@03@1@; BH@ai(lh Yuse of ¢opgRy
Cap iptebizsnn campofifions, the Addiddn(afl (sbjkap @ Jalcohol (IPA) can be employed as an additive
to enhance the solubility of the precutsor. In such application, the IPA also acts as a reducing agent
for reducing Cu(I) to Cu(0) while the IPA itself is oxidized to acetone during the deposition

process.

[0089] Compounds 13-21 in the foregoing list of copper precursors are less preferred in sore
applications due to their fluorine-containing ligands, and the associated capability for fluorine
contamination of the deposited copper film, as well as flucrine abatement of the resultant effleent of
the deposition process. They nonetheless may be highly advantageous in some applications, where
issues associated with fluorine are insignificant or otherwise do not impact the use of such

PIecursors as Copper source reagents.

[0090] As an important aspect of the presentlinvenﬁon, deposition of metal thin films using SCF-
assisted fechniques in accordance with the instant invention, relaxes the requirements for volatile
metal precursors that would otherwise be necessary. By relaxing the requirement of volatile metal
precursors, the SCF-assisted deposition techaiques of the present invention obviate 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 medinm 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,

20



(18) (COD)Cu(hfac) (19) (DMCOD)Cu(hfac) 10 (20)
Cu( pent af | uor opheayt) pentanmer (21) (VCH) Cu(hfac)
wherei n: acac =pentane-2, 4-di onate bzac =
qgﬂwb RENt ane- 1,3-dionate 15 COD = cycl ooct adi
%- di met hyt hept ane- 3, 5- di onat e dn’ﬁffi'T’USZ‘“"‘“’?‘“326
—1 1- dlnethylhexane 3,5dionate IHY = ,

2- . .

2 Sl i R ke o erarons o donitionor i o copper o et
26?55“116113303@@@’76{952@ 0Fyipt %' in mjehmmates fluorine contamination on
2 bayi6 sGfatceind adebdwiettikelpbaietresBiaivedif DRAI@allicOafers; such as M1 to M2

'cgper'lew;ré mWAv%ﬂe%@smﬁ oéﬁeq:hﬁg%in?to 1M%arners,

vi nyl cycl' ohexane CHB = cycl ohexane utyrate 5
VTIMS=vi nyl tri nmet hyl SI | ane [00881 A wide variety of
5 ad¥pPili iy eccodaree With Bennvatiead capper triae b depesitedpinare tubstrate. Gibm (568
| (3 151 03] |tﬂﬁhn§‘arw1de9.@1|ib@mf nHGrobllor e Wkitilidy E()bp@fpreﬁd?s@rs. Tilusirative
ep%&fpﬁegmso mchEee %ll:t l%rggno,séo&)tlpér r%ﬁce[o?a%s col per %ca&oxyﬂ%e

precu
adf&ﬁpffu ® ﬁy°gfe“ﬁa‘§%5‘ﬁiﬂ Rt Dpbegh Gereqr Epayides sp wﬁéms PPt dhs
anfogohekitibied @ppeo (I} ©d eppral) epetidae Apeefertdi sypetoyltioni§ flutdfe such copper

pmgggﬁﬁgﬁmm&&hﬁuﬁgn@@&ﬁlcat|on the 1 PA also acts as a
educing agent for reducing Cu(n) to Cu(0) while the

IPA itself is oxidized to acetone during the
d 44984 | Sinop superpritisd flyids exhibh diguid-tks rdsesitiond and 1Bs-Hke Vispositippe having
f célegny pepettitsSdimiRf toCRRP 6f orfinie GOLIEH (&g ,Qfeaade Phesanfl 04 kY

' @up%:@xméal fﬂﬂpl:a!n%gdlvg %ufj cI Qonlpaﬁasrqaaﬁ: lallé %%llllpee}u 09@519 IsJNexﬂQ

a he asSsSQCl a | uor i ne
g%ﬁ%& e ‘H R GRS ;B’E?%‘i“’f"é*?j ag ﬁﬁ%&e fred fihefilm gayh
15 aghafﬂl??! G cqntacting wittethemiistragef to defpesit cappan Filme tiereenf Sincromdfacoifnsiphie
deRani tdued bp iHRCRFSn thd Ia@!)?fsuﬁﬁ) Q&ﬁplaﬁ{oﬁ,stﬁe ﬁﬁ)ér PrecuhbeGb ktectively
a%&@a&%&@ Qelﬂc‘?heg aﬂd %Q o%?nm%?@ih' i|g19 gpsebt 1a{t0s, {o achieve superior conformal

coating therein.

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

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

[0095} Cu (1) (B-diketonato), species, such as Cu (IT) (abac)z, Cu (1) {thd), and Cu (tod), as well
as other non-fluorinated 8-diketonate copper compounds and complexes;

[0096] Cu (carboxylate), species, such as Cu (formate); and Cu (acetate), and other long-chain

{e.g., Cx-Cy and more preferably fiom Cg-Cio) carhoxylates. Cu (formate), is a preferred copper

25  source reagent because the formate ligand is able to act as a reducing agent, leading o 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 (IT) 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

30  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

2]
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I ssues associated with fluorine are insignificant or

ot herwi se do not inpact the use of such precursors as

copper source reagents. [00901 As an i mportant aspect
bR Esent invention, deposition of nefal %hl n

%I ms usi ng SCF- 20 assisted techni ques |nL§‘t¥% S ETN

W th the instant invention, relaxes the requirenents

for ta recyr at ul d ot herw e
Bt iy T i P o o Shpel ot s B
nisregsed byheiseiefaush v C‘ISWQ’PS(EP"‘%@ sted deposition

techni ques of the present invention obviate the need

f @bony idyuweﬁmn,ﬁ l{ﬂitcbﬂi}i@ls'(&fe&tmﬁf £ Wiy BrandMpdcRd, B F Bamplc

c bei.ng i ncre the sem
e A R e
r sotyeritsy dmmtbs advm@t?ﬁhlaﬂm the peptigtoffbeprepdnigiyentiphe 25
precursor conponent(s) need only be soluble in the SCF

et Ehb (PRl e RN DOl R

sEEef ate. [00911 In specific appl ication to copper

‘metallization, the invention pernits the use of

| @W9OF CSiper (1) 28deY\ Qe R BBALB A3 atiGe} felhnr0 04/ 024326

non-vol atile copper (1) and copper (l1) precursors for
d‘%&gSItl on of thin filmcopper w thout the need, for

f

Plipmataded ppabvede srgPer ECRRECBPEYaly prpeursqry suskap fopref o the
t wresent @bdntidn padteplattd $0Fbhsadkdepwitibraqrmpraitiony rpnigining g dgast jomer copper

SV Td e\ﬁxeéﬁchler Fdér}c/ﬁ&u@&r%&éﬂs GaleaQilt &6kes 5sOStedkRR GRR fof

t M to M
| e e 8% of the copper

i5

20

C 25

AeSTon of the copper film
to nitride barriers. 5 (0092] In accordance with the
| 10910111 OfsthecApaive, HRJCHIBseddpoiivt @apositiongarsalbB sy @tSEF that is
f £0m 1%g:mg §g@1lt,LUr hsOJTsull dethdr blékngtﬂ/c,%e\@cﬁ@aséﬂaﬁﬁoﬁﬁdﬁ cBfiposition can

el el g Sl B el SRR LR e tosion on
| fherjubsiraté. Ghyitable apdyring agents for W"-WR@W\*&F@@D’ detespipect withpyt yndue
Caxpddamadriad, @hin ﬂm‘zn |)Bﬁﬁe a(t(lj)uuﬁ[ywe f;meiag @el:iegmaﬁe vﬁtﬁ@pd - ﬁmmﬁofil,)
plﬁgg 1) amdes, and Lew s base adducts o

t a?ﬂdr'sgmsnt i‘oned copper (1) and copper (I1I)
species. A preferred supercritical fluid for such
c@ma fn thef SCF-based dpeqsiion eoimpnsitiens pf beiateption gaous sabangigrpeents and
ditexbedeiciallcompb RO B}y bSintgReBAR @k cdmpbsitoal 1 ui ds exhi bit
l'i'quid-1ike densities and gas-like viscosities, having
solvating properties si mlar to those of or i
1091038 For Xyl SCrabe et GhBisayrer SO ggB alcohol may be
sadg@rica jotdentation bf inrrcbéouc@k% WiabwIovs bparight, bopirethe weight of the

COFRMQrptS:d) Naie v3d & n&pisum.ﬁadcﬁg 608 A ighly &QAnk@RLSwhen the SCF
Su ercrltlcal nt ai

| u ca
I‘ i g ﬁrboy d:omcle, smce 1soPro y‘ daltfoF({‘?/ m e d:refsg oolp??gpr?cmgc@ ?olubﬁl\%tuhﬂle
15@@%%@# ckmmde U’h‘!eé@i“ tangpushi fmstiquizg asggucing ageat 'aduce Cu (I
deEmsi)! TGRS ddohdlBayt ta @Xicieea to abitdi€ iy Hid da@Sitidneisésy Bndi iS

- readily recovered fiom the SCF effluent discharged from the deposition chamber, for recovery and

- reuse thereof, or alternatively for other disposition.

22
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greatly reduced by the SCE in the deposition

conposi tion, the copper precursor is effectively

del i vered |nto trenches and via openings with very
rati os, to achieve superior confornma

E%gtlng therein. [0094] Copper precursor c&ﬁﬁ%ﬁ@ﬁﬂ?“”‘

usefully enployed in the broad practice of the present

2
qach ;@p&h&p d{g&@g%@% Q%ﬁ@%ﬁf &?B nf&@&g, Wil ibation,
( et HOR, GaLPRLC Hsé Hpd§Fe acac) 2, Cu (H)
(thd)2 and Cu (tod)2 as well as other non-fluorinated
/i [eaiodmte @Oﬁbﬁ?d%ﬁﬁeﬂ}ec&m&%ns% fhe Gﬁ&ﬂ&fﬂ%ﬁta HigR9 %e[cuve
r es or ma

G SAL P H B ) Sopf Rl R suBEr S StgleBl TR B ot o
nﬁ?@%ﬁ‘"étﬁrem@bfiﬂwg Biffetngs esey of ﬁﬂtﬁm e@n stapg, carried out 'n a
( fomsteradobprivatebpréesiingf er red copper 25 source reagent
because the formate ligand is able to act as a

' t di | t | fil
O R comset i esteifbod B b gy
c Sipfamaton plivktterdds Mia supercBEE Aviddstivery(§GFD), ohtreii thaubitab cdypound is
p Qisyohad RahCAPIIriBsPilidhd Qlfans@dec( o QI oo kambéPMREH tHe Iphricles

(E%X ﬁicagp%gtlogr eﬂni.:-l ﬁletg ral%fo? oxjgeo:f? Elg 5 rcecgg Pe?i@ti substrate. The

sSpecl_es | Nce SucC coO oun s are relative Y easy
o \PROFERe pan e indheedin aumber ofways, ipcldine tagrnaally prdigr chesicall ) s |

Such conpounds have not heretofore been contenpl ated

I gcolmmm@&rﬁ@mwmgee@esﬂom S &am\mﬁtwmﬁm 61 HE nde© for
elr

\4 ) oor tr
ex re%ls& ? é)r e a.?ycéxw, luLﬁElM v%lgn e 1801? orahluéx e%ocf:ssmg temgeﬁamres as are
Gﬁﬁﬁ%ﬁ%m (5 Dregst FNR- Fieitish SWP @ézﬂv %ﬂpsanah [ROnSEE AP AFRES T 15
t hhizhep fesBGE atia2dblWOC20,064 © 13 33 dti Ghe BRI QAUBRE!(s). These
i rraee&t HOP withfhe ToweLRbMdshion ERRRERS L 19 WEEH, SbR P A hodoh

deposi tion ocess systems is decreased by the
S o Bt Pl B SO PR € 00071

(Cycl opent adi enyl ) CuL conpl exes (wherein L is a

- S EspIte inkdngmbdrepetitasies tealkpogitod 0k puBnichle fodi)l addhbdide

'20

SUG ik © EAMpIY & o Heiﬁrahcﬂo@ nbtieSRetR Eﬁdeéfh% cﬁipi;e% ge&sly
entan and_ot her, orga

Jemsriehipett §F’§}-baeﬁé.°r“f@£§5°ﬂf f?dtﬂr?@' ‘Jﬁr"él?f’ .wee%"r ““t“ﬁ‘é P'ﬁ?ﬂé@éﬁ%
i mviem (fp iridifnREaJrOgopharm((RY, mphaivp|oxije®r@hresisdivns@d sitzes

C IR, erld dold)X A emlﬂﬁétﬂyaﬁnh@ngagkde@fe uSBDR Bimild onthct Iydds Wl integrated
b:lg%%(rpl 0rcr'gtgt VI SI rglrrﬁm[czlg')gh ?‘Jét r arrg?e th[%??@%? %&aﬁ'{é %ﬁ"%
t GOHIHYE i n respect of copper carboxyl ate precursors

such as copper formate, the 10 present invention

C b &sRdRh@s SCF-based deposition conpositions
containing at |east one copper precursor, wherein the

copper precursor contains a |ligand that serves as a
r &@ane i&"&lgﬁf)x % whereinx = 1, 2 or 3 and L= Lewis base ligand; and

(iii) mixed ligand compounds.

[00109] Tlustrative metal carbony} compounds include Iry(CO)y, and Ruy(CO);. These compounds



- production of ultrahigh-purity copper filns on the

substrate. [00101] As a further alternative, the

SCF based deposition conposition can conprise an SCE
jtself a reducing agent, or as a

~furt %er a*ternatlve t he SCF- based deposltlc%kUIS:H"M‘M‘BHl

conp03|t|on can 15 addltlonally optlonally contain

ot Tl f ng NLER

cg% ep05|t|on on ?%ngre& Uitanl e fé ﬁm#%my
@f"é@d%'ﬁ ER: phep Y5 SEF ﬁa‘?l’eﬁ’é“"?‘é?%‘r“i doxide pids ipHe é@mm of

mmmmmmmmmwuﬁm; experinentation, within the skill of

‘the art. Illustrative reducing speci es incl ude,

Wi en _and_i.s 10 C hm
_[d@ﬁ giermg*%aﬁﬁfﬁgbase lﬁgﬁ%%|?xon %gnﬁggit?%ﬁs eﬁgmi
t arbe o typey Alfuptistive comprupdcindide: agent s and 20 ot her

benef|C|aI conmponents may be incorporated in the
CQﬂp@ﬁk&h@QﬁmhﬁQ&QB] For exanpl e, 'in SCF-based copper
(1'1) precursor conpositions, isopropyl alcohol may be
added in a concentration of fromabout 0.1%to about
o grisgubeyprdiggsiiecadased on the wei ght of the SCF
conmponent (s). The use of | PA as an enhancing agent is
hi ethyede 3 HivAdA ASEQ4 R or i8oySCF  conponent is carbon
di oxi de, since isopropyl alcohol may increase copper
precursor solubility in the 25 supercritical carbon
di%YrPdé; aprtye ShepftrdianeBuEl(Spdmeedon ng as a
reduci ng agent to reduce Cu (I1) to Cu (0). The

i %ﬁ&rcﬂﬂ%{mdfdr&&h@l disEPRYd 12 §Cloﬁiédg lsu%ﬁg sﬁp@rct@ﬁzﬁ LRUAE d@%ﬂe{jt@ ovide
OSI.TI1 O roce recovere rom
! e BRSSP RGBT B BRE (Y poe 11 o

chanber, for recovery and reuse thereof or

alleasrth Aicimped §pafdesmptddeincick empends nolas: 22 WO 2005/ 013331

PCT/USZOO4/024326 [ 00104] For copper deposition, the
?gﬁugﬁmgf any suitable type, including, wthout

I|n1 “ation, ~ C02, CHa, C2H6, CH3OH, C2HsOH,

(CH3) 2CHOH, CH3000R3 and SF6. [00105] The SCF-based

C dehplas-(ripheayiphrsplore)pbmpd®i t i ons of the invention afford

a highly effective approach to deposition of copper

thQ% ; onposi tions may be enpl oyed

in yﬁn con E%%% ﬁ%ﬁ%@ggturing oper ati ons as one of

sequentlal deposition steps carried out in a cluster

t ddrprbdngirmetiifyelopepipdiod okiimug M [ 00106] The SCF- based

conposi tions and deposition methods of the invention

L
SRLPLFR PORRPH ol of Ul AT P Sl
 HisEIPfdhe frentiop t‘tﬁ’@’é’@‘l’l‘iﬁé‘iﬁ“ °’t‘1‘1‘é°‘§‘i!?fb@?“i§F‘F‘tﬂP%I f1uid

and transported to a reaction chanber wherein the

- P36daisph ﬁagﬂl@ah%@%&i?es&@ﬁ&ﬁﬂ%&%e&ﬁe@ﬁc dRrckiftl fﬂﬁtcéﬂlpo%%
nesgl\gelnts 0%l Gfter mgredlents oy {hf %8?—00?1 I3 gr%gutrsgrdco%%?s tox!sacta:? be rea:F ly

determined by simple formulation of the specific precursor(s) with variation of components, and

characterization of the resulting deposited filn, 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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bt

10
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deposition can be induced in a nunber of ways,
including thermally and/or chemcally. (001071SCFD
has certai n advantages over both CVD and PVD in that

j 0 need for expensive, potentiall
hi grhﬂﬁs)'}dl%oratr l e precursors or high pr ocess|Pﬁ§[’US‘m‘”('ez‘“"26

tenperatures as are necessary in CVD and PVD.

Filid RS e %Ppro&ad%ah}aﬁa&% &S Q1 Ohvel GG ﬂcﬁ&? opéle

precursor an those attalnab
iy dE‘HP’r?%FP?SrF@“g'ﬁd%é"rW’B‘FI kil gf e b ifighent fh(’é‘f" e
Th@@emﬂfoa@ndmspenabn@n@ with the | ower deposition
terrper atures enabl ed by SCFD, enabl e such nethod to
ast.er processin L nes_.and sub ue

115145 ABRLSL, oPLARE R Ak bl FER et WABERY S bamsmtc s
t Pféﬁs‘ﬁT: Gidbe currd @it arcwiinupys dloy apwes MﬁbﬂPWd’lf thtg SR basthraeyysor
N Glindaticietelgh dha dépodition hatiBer diichj Me Héphsion stpy oAb Aivef thd $GF-

ngRlsg %&%@%ﬁ%@ﬂ@d&%h@h@&i&w&&ﬁ% hﬂ;ggé}rosﬂﬁn carried
advant al%%ousl 20 deposi t ase

e “nét ﬁ‘o*bl &% a“thh%‘-‘hi"’hv‘@‘r‘i‘ﬁ“ Prichatsd eprocursor
pfoawanm eRdyced fo the déppsitigh ehamlfed inpequantial ghilunes, ox.i du¢clion@phic
I gdphrRioh &hﬁ’ul{eﬂﬁe subdetheh &:ﬂlaéﬁﬂé el (Gk8ne(SH B prdaﬁfliok ﬁgﬁuﬁﬂau being
( F;r?gs d tg’ Ith!ev strate (cargge %a%['arl 3" d lg xnémca]S vafuglo{mft couiactmg tlmes and

OXI re us
i ﬁﬁaé@rmsrfeﬁm spspifig filp %FB%@@&IWQWSM @&tﬂra@%yrrswfiﬁrrmmﬂ:aﬁowﬂl
MateatdSoritaaidig Halenctelsery inal givavdppligatibd df the invedidnv e pr ecur sor
conpounds: 25 (i) netal carbonyls (ii) met aI

b@ﬂﬂglllt%ﬁ lg%gptre%)azéd \kia(tm g mposrx]:{ons dmc’1 Ihethods d)f the uwenlf:j ion may 7 be praV\elced

1@}(?1\0@*]‘1r warlqﬂugweatow’étemﬂa Ple éra?dtfb?ﬂlwm é-errmoéwarémﬂh filpfbe
| nPdpfdnhk Peet Bcribd RértiDy il eferd B epe i Riicts Apects2and dMDodiments, it

29&1% QL ARah :rEQIé M&%&)o%/ ,9,2 és%ﬁﬁ..te@r, xmrcgauﬁyl,ﬁrnlﬂrmmm in

eco oSl t1on

n erestln ecause
- ?éﬁrb dificatipps ﬂ’ér"m %dﬂ’é“tﬁ of (flinght (e nerrn“rnh@ pgagded to be

I brgaahd@strﬂpﬂ 10aponhe Al wﬁ@ﬂmﬁnah@swpi@mw o grabodigentdpesrpeing
Chivignki B copé e infenfidi@erdi@biFBbdnd) Of contam nate-free
films. [00110] The netal (f-diketonate)"L conpounds,
wherein x = 1, 2 or 3 and L = Lewi s base: ligand, 5
can be of any suitable type. Illustrative conmpounds

i nclude: (1,5-cyclooctadiene)lr(n(acac)

tris(norbonmadi ene)lrMacac) vy
(vinyltriethylsilane)Ag(l) (hexafl uoroace(Aacet onat o)

25




bis(2,2,6,6-tetramet hyl -3, 5- hept anedi onato) Ru(l1) (1, 5-
cycl ooctadi ene) to Such conpounds are readily
di ssol ved in SCF nmedia such as supercritical carbon
di oxi de, to provide high rate deposition of the
correspondi ng netal and/or netal oxide. [001111 The
m xed | i gand conpounds i nclude conpounds such as:
(CH3) 2Au(I'11) (acac)
tetrakis-(triphenyl pbosphi ne)plati num (0) 15
cLAMEI et hyl - met hyl cycl opent adi enyl plati num (1V)
tricarbonyl - nethyl cycl opent adi enyl pl ati num (1)
L A dspasttiop cqmeositign £ 9prsiticpmpietm @8 2 aybstrdts, [syjd fengsijignecogiposition comprising
atps@ittdl aduic aky p%re%{ﬁﬁérodﬁetge infAtelifeto hfeocﬁz‘gosn% %ﬁ tihe ﬁlb@(fate wherein said
the invention to form nobl e netal and/or noble netal

PESRYreRs ingludestarpsil atony, eyslrvhstein) the mpteriah e depgsited romprisepne

present invention, the specific supercritical fluid

BT T T R R —

r &euditheygrowgedmising ettalbpnadsnipldexides, aaetaits) formands, €@, aryls, and mixtures of
spec " s) with variation of conponents,

R’? dr%ﬁ)ger(gc er |e 09}(;%( on of the resulting deposited film
to determ ne the specific fornmulation appropriate to

d@ﬁQ@»‘V-tkl &&noélﬁ}:a{er}ﬁat&aﬂ/ e\ﬂlei%ﬂpll lpﬁe@&réo? ¢ sr—;m %rfﬁﬁ(%ﬁl%% material comprises a
conditions for deposition can kewi se be Tead
delsesawprraghainehg fomiylon of t he par ticular t enper at ure,

pressure, flowrate, etc. conditions, to 24 WO

20051013331 PCT4US2004/ 024326 det er ni ne t he set of
process|pdranetdqrs best suited to a given deposition
application of tlhe invention. Such determ nations can

be madeTwSthniRTjhe skill of the art, in light of the
dlsclosuré hergi n, w thout undue experinentation.

100114] | TRe depdsition, as carried out under the

desired pﬂocess conditions of tenperature and 5
pressur¢;ScanObg-carried out in a. continuous flow

manner, {wifth flqw of the SCF-based precursor
fornula1|gm t hrqugh t he deposition chanber during the
depositton step;y or alternatively the. SCF based

precursor fornulation can be introduced to the

de osition c er t he deposition carried out i

S DRSS TRERTIGIS Gt SEmeBi - GO GSIRIBR G Cro 1 and CiC

WMQ&?IH t he SCF-based precursor formulation is

i ntroduced to the deposition chanber in sequentia

volunmes, e.g., by injection to the 10 deposition

dl{ié)rﬁaa‘rer Iaj?derenmrifas twhaten thoprieatior ngnpriseseat (@ft doh @recursor selected from the
S%g gy c%ﬁ ?sq E roFt%ﬁ't%lglgl:(gg df:lirnwm%& cgtP(IaPe% e tagtxﬁ%sﬁg étte?a&hogy) tris(2,2,6,6-
\/catrarrmhybh.ﬁ -d){:ptmdnpm)nmmm (ﬁf@ggamlrtmtalum (V ) tnﬂuoroethomde and

(IV) noble metal material and/or noble metal oxide material, 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.

2. The deposition composition of claim 1, wherein the supercritical fluid comprises a fluid selected from

the group consisting of: carbon dioxide, oxygen, argon, krypton, xenon, ammonia, methane, ethane,
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measurenent of the resulting filmthicknesses of the

deposited material |ayer, to determne agrowh rate

and contacting time necessary in a given application

of the invention. [00115] It will be appreciated that

t he conmpositions and nethods of the invention nmay be

practiced 15 in a widely variant manner, consistent

with the broad disclosure herein. Accordingly, while

the invention has been described herein with

reference to specific features, aspects, and

enbodi nents, it wll be recognlzed that the invention

methappht ethangk 1$qpfﬁpg1@a dipmgthyl; ]set(glg,sg)éfigt ihpyadluegsfde, carbon monoxide, dinitrogen

okiiD FEARRLAL hfode an@m@ﬁresvtﬁérécﬁt ions, nodifications and
enbodi nent s.~ Accordingly, the invention is intended to

be broadly construed to enconpass all such ot her

3. TedepaditioaRempd¥didh bf €aiinl 10WReréin the @i aitica fitid codprisbedal@n dioxide.

20 wthin the scope of the invention hereinafter

clainmed. 25 CLAIMS 1. A deposition conposition for

4. Thi@pmitibmgzommsc';iohmf daima 1s wheeinathe, myeriall tdepodéppsieth comprises low-k
and a

oSk AR e Bl S HBRL P S et 11
substrate, wherein said precursor includes a neta

5. TI@J Qgﬁosxﬁ&g c Fd'sﬁioﬂ 3 QaiRY Ekndtbint Be DBEBPAS | BeCfeposited comprises low-k
npr.i ses: h- k naterlal wherein the précursor

°r§?n°FlH'%§‘t"-I‘FP*§ﬁ“aﬂ< C‘ﬁ’ﬁ’cf’é‘lng 5163086*%%9%3@9 fupstienatized éﬂsﬁ‘iﬂ“@f‘iﬂe (85Q) material.
selected fromthe group conS|st|ng of carbonates
h oxl des, acet at
& TR SR SR G i B G e PEGERRGE Biye Ppyad heool groups
at@rlgd mosdaine clbter afelieendnaier. wherei n a precursor of said
organosilicate material conprises a silsesquioxane

having the formula: R Si-O 0 Si-O R wherein each R ‘
7. Theqlepostiiop eomirasitioy o5 diimcl, avfierpin ¢l thiter@l todis dgpdeijd co@prig@s high-k dielectric

naltﬂe%%l is el BorR inéler P dorfsibrideor B! 009 iri, 4, b hndX8. 1 1 €r

l'ayer material, wherein the precursor conprises at
| east one precursor selected fromthe group

8. Tl’(éQi’éﬁdJs&ioh REm \ﬁdsﬂoﬂr&f Bt (Mer&ﬁ&fe&ﬁt&ﬁKW&%sﬁ&ﬁ&dﬂﬂﬁﬁ@ a noble metal

LA gﬂ@? i o ég%é%%&g@g@ﬁ tris %sgsgﬁg aﬁPleﬁ“}“f‘) (PO, jfifium oxide (Ir0),

ru{halﬁtuﬁ loxide (Rvébz); palfaliu@(PH] 400 mu«éegAgand

9. The deposition composition of claim 1, wherein the material to be deposited comprises a noble metal

and/or a noble metal oxide, and wherein the metal (B-diketonate),*L precursor comprises
(1,5-cyclooctadiene)r(I)(acac);
tn's(norbomadieng)H(III)(acac);
(vinyltriethylsilane) Ag(I)(hexafluoroacetylacetonato); and
bis(2,2,6,6-tetramethyl-3,5-heptanedionato)Ru(I1}(1,5-cyclooctadiene).

10. The deposition composition of claim 1, wherein the material to be deposited comprises a noble metal
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11.

i2.

(1'V) noble netal material and/or noble netal oxide
material, wherein the precursor conprises a neta
precursor selected fromthe group consisting of (i)
nmetal carbonyls; (ii) netal ((3-diketonate)x L
wherein x = 1, 2 or 3 and L = Lew s base |igand; and
(ii1) mxed |igand conpounds. 2. The deposition
conmposition of claim1l1l, wherein the supercritica
fluid conprises a fluid selected from the group

consi sting of. carbon dioxide, oxygen, argon, krypton,
xenon, ammoni a, nethane, ethane, 26 nethanol,

apd/ gy amgble me%@ﬁ@mmyherem th@pl]qwrsok equatiges agpikgd jigand composition including a
chifpRhd QLA fom GRIRRP HRAAXS e, dinitrogen oxide,
form ng gas, hydrogen, and m xtures thereof. 3. The
deposition conposition of claim1l1, wherein the

super c{GH,),8alllkdcid)d conprises carbon dioxide. 4. The
deposition conposition of claim1l, wherein the
material to be deposited conprises | owk

or ganosirikicat hempthesphak)platimen (e precur sor furt her
conpri ses cube nmononers. 5. The deposition conposition
of claim1, wherein the material to be deposited
conprl%@@ﬁwbmﬂkﬂ%@hgﬁﬁwﬂmﬂN%W@mﬁﬁﬂemﬂal conpri si ng
Mesopor ous organo functionalized sil sesqui oxane (SSQ
mat eri al osi tjon conposition of claim4,
mherelﬁw?h%WkWE?ﬂﬁﬁﬁ@ﬁ?ﬂ?“ﬂéWﬁmgﬁéQy and hexyl groups

attached to a sane cluster of the nDnoner 7. The

Tlge c{%ﬁgsﬁtltort%{)]nég %11: Iao czl)asulnge erem %e c%né}%osﬁ Ié F]o_enlwartlla%sglecg-é?lﬁné

and the netal is selected frontthe group consisting of
A%?etnltggs If {'ollng'trr]lg g tmat 51’ on aasugs\%ﬁteer a ﬁgmﬁ%@%a?%%:m htgﬁ% é)n the substrate frotn
2 grppBikI @@p@%tﬁym@eesnw abiuesonetsald maenid), end msuperbiitical fluid, wherein said
prgelts@t memaéte Pl 564 &M WhOBntREMSELRNR o QBRI B REs:

platinum (Pt), iridiumoxide (IrQ), ruthenluntoX|de

(RuQ®2), paIIadlunt(Pd) and silver (Ag). 9. The

denegi-k in@lﬁmﬂoiﬂm:@@ﬂ ihis Qf(}c@ﬁor of 4k mgﬂnk Iﬂm&iﬁeoﬁtph&@ an organo moiety selected
terlal to ted o ri.ses a na

B o SO Bl ol R SRR o Rt s, and mistares of
o&edtheﬁ@ﬁ&k@ynphgprecursor conpri ses
(1, 5-cycl ooctadiene)lr(l)(acac); tris
(nor bomadi ene)lr(111) (acac);
(OB hoyw-k organdsilicaie Inateel)ﬂAg@br)%i(ntﬁematfdr&spo 00 seid brghmsiditade anpedizl comprises a

gmﬁzgtgﬁé%ébngtofgﬁ% ???ahyg cyclooctadiene). 10. The

deposition conposition of claim1l, wherein the
material” kKo be Teposited conprises a noble netal 21
and/ or p Toble tal oxide, and wherein the precursor

conpris=s&a mbxed | i gand conposition including a
!
R
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13.

14.
15,

16.

17.

18

19.

- 20.

conpound sel ected fromthe group consisting of

(CH3) 2Au(ll1) (acac);
tetrakis-(triphenyl phosphi ne)pl ati num (0);

trimet hyl - net hyl cycl opent adi enyl platinum (1V); and
tricarbonyl - net hyl cycl opent adi enyl platinum(1). 11.
The deposition conposition of claim1, wherein the
conmposition conprises a co-solvent. 12. A nethod of
formng a material on a substrate, conprising
depositing the material on the substrate from a
deposi ti on conposition conprising a precursor of said
mattheseinggach %W@PWB@W(?PMB?‘*%&Pmﬁ Gi-6s 2o e eFnalkenilg Cs-Cio aryl and C-Cq
PaRe4:sor includes a nmetal atom and wherein the
material to be deposited conprises: (1) high-k
material, wherein the precursor of the high-k materi al

C Qitip baixrﬁ&ﬁaﬁ:ﬂ Fﬂfeﬁﬂﬂwﬂi@é@ the Iﬁ@gﬁ&{ (ﬁglpn Jek QMedshenedr@uRor selected from the
consi stin C onat es, roxi des,
7 e Pere b ity a6 rlasbiBRis ey i (O oo mis.26.6
ofetrbnethf! Sr5cigpiangljonftb) HadioukIK); and amelain (VT aifleoreh&lideddnd
wherein a precursor of said organosilicate nmateri al
conprises a silsesquioxane having the formula: R

S{I¥pnotie metdjn@teridl g opybleingtaleaigh nRterisl, Wirteip tha grectirsgr comprises a metal

Sﬁe&ﬁ%?@ei&ftéﬁ”ﬁ&ln tlg glggp %b&}éhng Qﬂ'(l%eﬁl %ﬁ%ﬂ Isrrgg rﬁ’et@ ([3 diketonate),*L

barri er
ww fifr@rl ﬁ —t Ih% %3( @é&fgbﬁm%@?ﬁbkwé@éﬂnx r@asct hgswbcqmpewﬁ sor

sel ected fromthe group consisting of tantalum (V)
T]teete tg]h%g%f)ﬁg‘%ace ?\%}%ge?rg?}%a%ggcrtmacglt f%lnélj corglg{)lses a fluid selected from the group
cdneitstirgnaet lsaﬂbonsdlaﬂm Pk yes dirgona kptoh, tenbu, lii[’ﬁn(oiaﬂa] )ncth@;&d ethane, methanol,
fal um or oet
e eGSR A PR Sk fen o, fming

gds ey dppges udsoixtuss ipréotes a netal  precursor sel ected
fromthe group consisting of (i) nmetal carbonyls; (ii)
nmetal (p-diketonate)x L wherein x =1, 2 or 3 and L =

Theangthodios slain §2gwhetein theduerdritiyal firidedmprisgagathos divpidands.

The method of claim 12, wherein said composition comprises a co-solvent.

The method of claim 12, wherein the material to be deposited comprises low-k organosilicate material

and wherein the precursor further comprises cube monomers.

The method of claim 12, wherein the material to be deposited comprises low-k organosilicate material

comprising mesoporous organo-functionalized silsesquioxane (SSQ) material.

The method of claim 16, wherein the cube monomers have epoxy and hexyl groups attached to a same

cluster of the monomer.

The method of claim 15, further comprising vitrifying the silicon-containing material to form a low k

organosilicate film.

The_ method of claim 19, wherein the low k organosilicate film is a porous organosilicate film on the
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21.

22,

23,

24.

25.

26,

13. The nmethod of claim 12, wherein the supercritica
fluid conprises a fluid selected fromthe group

consi sting of. carbon di oxi de, oxygen, argon, krypton,
xenon, anmmoni a, mnethane, ethane, nethanol, ethanol,

I sopropanol, dinethyl ketone, sulfur hexafl uoride,

car bon nonoxi de, dinitrogen oxide, formng gas,
hydrogen, and m xtures thereof. 14. The net hod of
claim 12, wherein the supercritical fluid conprises
carbon di oxide. 15. The nethod of claim 12, wherein
sai d conposition conprises a co-solvent. 16. The
SHS¥HSd of claim 12, wherein the material to be
deposited conprises |owk organosilicate material and

erei he cursor further conprijs cube nononers. :
ngfmiﬂ“go 1‘%?8 BEPOFAE [y, m&ﬂ&lﬂg’P X PFS heRerays %ﬁa“%ﬂ%@ film to yield
tide@posd dredosiiinaprfilaasa fibmhdeinghgasdasiniicd atch:cii icaistaal.
conpri si ng mesoporous organo-functionalized
sil sesqui oxane (SSQ material. 18. The nethod of claim
Themethgrertelam € hevhereeponesiip Feostrdiiad by eposedamgrhosiyh of air bubbles in the
s19£oqlae§talﬂﬁ% aahad dteﬁ%sﬁ‘edstﬁmf?e sufduit €r of the mononer. 19.

he met hod of clalm 15 urther conprising vitrifying
the silicon-containing naterlal to forma | ow k

TRY A@aRQSdflclafiRl L whete the Bateridl ®o @&e’ﬂ@s@te@éonﬁﬂr@ésm1§19k dielectric and the metal
erejin the | ow k organosilicate filmis a porous

IsSPgAsTdEm hegew ‘F‘%“Flfﬂnéﬁf?ﬁéf 3 Eufs T3 2ddd 21 The

met hod of claim 20, conprising controlllng t he
T ehorrrllgtﬁodt & lj:gamé rlEanoegern? I i an;l)artqup % cfgl(a:og}t?edl ciompﬁngats % r{é{)lg metal and/or a noble
mptnle@eieescmtcﬁeﬁiord ithel geaxtprdogsistiog of platinun2@®t), Fidemedideo@Og)f ruthenium oxide

), M WIBTRh BiRP(GST Ly 1S controlTed by control | ed

por at arr bbles in the
silicon-containing material deposited on the

TMéﬁJdan%lalrg?fz Jﬂl:?elmt: rﬁ@a@er@f to%’e%’eﬁﬂs&e%l’ col BEc8lahoblB Snetal and/or a noble

mat eri al deposi t ed Tgrlses hig dielectric
mﬁtﬁ]djxtdﬁsémﬁﬁfflﬁlm thesm%"é ﬂ%é‘i{@ﬁp )OIHPIFWéSOg ?W‘S@on& sting
of Ba, Sr, La, Ti, Zr, Ta and Pb. 24. The net hod of

claim terial to be deposited
conprlééé:ﬁnﬁﬁgpgﬂkﬂﬁﬁF and/ or a noble nmetal oxide
sel ected fromthe group consisting of platinum (Pt)
iridi ' heni um oxi de (RuQ2),

pal | a%%%‘%%d%%)%ﬁa% (Ag). 25. The method of
claim12, wherein the material to be deposited
conpr '(%ﬁﬁtr@th gh)eln%) (ﬁl:xaﬁﬂrgéﬁétyﬁcé?&mo? andTet @l oxi de,

and wherein the netal (p-diketonate)x L precursor
conprises (1,5-cyclooctadiene)lr(l)(acac);
bis(2,2,6,6-tetramethyl-3,5-heptanedionato)Ru(I(1,5-cyclooctadiene).

The method of claim 12, wherein the material to be deposited comprises a noble metal and/or a noble
metal oxide, and wherein the precursor comprises a mixed ligand composition including a compound

selected from the group consisting of
(CH;):Au(IIT)(acac);

tetrakis-(triphenylphosphine)platinum (0);
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tris(norbornadiene)lr(lll)(acac);
(vinyltriethylsilane)Ag(l) (hexafl uoroacetyl acetonat o) ;
and

bi s(2,2,6,6-tetramet hyl -3, 5- hept anedi onato) Ru(Il1) (1, 5-
cycl ooct adi ene). 26. The nethod of claim 12, wherein
the material to be deposited conprises a noble netal
and/or a noble netal oxide, and wherein the precursor
conprises a mxed ligand conposition including a
conpound selected fromthe group consisting of

(CH3) 2Au(I11) (acac); . )

tetr akF%ue(ftYkmswﬁm)lqyﬁlawmyw@t(Wﬁmd( 0);

tri met hyl - net hyl cycl opent adi enyl platinum (1V); and
tricarbonyl - pet hyl cycl opent adi enyl _platinum (1). 27. A
nethod“6?¥ﬂﬁﬂﬁ?g%?Xﬁ%ﬂWﬁggmgigkqﬂﬁﬁdaCtor conpri si ng

depositing a material on a substrate using the

27. 'Ag’ﬁ&ﬁ)osdi J‘f i QRS Sej geinl?c%n(gjctog la&lgpmﬁé'lg rd‘é‘é%@i'iiﬁ%? msé@rigl on a substrate using the

em conductor conprises sal u e.
deposition composition of claim 1, wherein said semiconductor comprises said substrate.
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