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TANTALUM METAL FI LMS TO SURFACES AND SUBSTRATES FI ELD OF THE
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tantalumnmetal filnms to s stra elnstant
invention finds application in commercial processes including, e.g.,
sem conductor chip fabrication, netal surface processing and
finishing, and like industrial I GROUND OF THE

| NVENTI ON [ 0002] Sem conduct or Cﬁ?@?ﬁ@i I'n %ﬁgu titude of electronic
devi ces are conposites fabricated frommaterials including

sem conductors, dielectrics, netals, metal oxides, and patterned

films. For ei@(ﬂﬂh ! S?H‘écﬁ@g tﬁ(/erﬁ'%p{%léﬂagr e?{%?ﬁl?tﬁ) rrﬁ'é’[ybtfse anﬁ an

dep05|t|on 0 als in't ure patterns , Vvies

e e e T

tantal um nit preparation of,

e.g., diff us%fbar. z pggr%{d%rfo olslﬁgr%fsta fu'rrpﬁlef%? Q9 dHEdcRE and

fabrication eposi on met hods are we knovvn In

techni cal arf, 5%@&@'% mgtf,gv veridh f nov\ﬁﬂ%tu@?mﬂ)%ﬁh@%éﬁb@basses

Physi cal Vapor position as Sputter Deposition, and

Atomi c Layer ; AEFBR’? te'gmsérﬁ@)%cﬂ;@%%' rHErééE%}] Ric2 WUREES pRiRssny' RAB

the (+5) oxi state tanta

2008/ 024750P¥F,1—,/5H§3,%ﬁ/ IR $ra8&rial applications.
BACKGROUND OF THE INVENTION

[0002} Semiconductor chips used in a multitude of electronic devices are
composites fabricated from materials including semiconductors, dielectrics,
metals, metal oxides, and patterned films. For example, semiconductor chip
interconnects require deposition of metals in the feature patterns (e.g., vias) of
the chip. Currently, deposition of tantalum films (e.qg., tantalum metal, tantalum
nitride, and the like) is of interest for preparation of, e.g., diffusion barriers and/or
cap layers during semiconductor fabrication.

[0003] Various deposition methods are well known in the technical art
incruding, e.g., Chemical Vapor Deposition (CVD), Physical Vapor Deposition
(PVD}) also known as Sputter Deposition, and Atomic Layer Deposition (ALD).

Tantalum (Ta) precursors based upon the (+5) oxidation state of the tantalum



metal have been reported for use in CVD. These organonetallic
tantal um precursors are selected fromthe common chem cal cl asses of

Ta (V) et h@y d&529/s0 Ta (V) nethoxides and derivatives; d@rdsdhor076386
t abrom d T t af | ' i ' ; ;
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of tantal um &4 0 Surfaces an ates using precursSors

conpati bl e ngqgéi?(?g;%%@ﬁ%ﬁ{o%dgg%rg c}éﬁgéﬁnsl% %%E%tsgéﬁgratﬁgﬁ solvERS (e.g.,

providing a aving a sele ace(s I sposed in

thermal co i L i h .ag . e Lt ;
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with the heating source(s); exposlng tphe surface(s) and/or
substrate(s) é‘%lefdhe precursor solution at a liquid, near-critical, or
supercriti caP uid condition for the precursor; and whereby tantal um
rel eased fromthe precursor is deposited as a netal filmon the

sel ected surface(s) and/or substrate(s). WO

2008/ 024750PCT/ US2007/ 076386s(iMERY BFAME NYENASORCtL ., an apparatus is
di scl osed for deposition of nmetal filnms to surfaces and substrates,

t he apparatus conprising: a reaction chanber operable for receiving a
solvent fluid(s), a metal precursor(s), and/or other reagents and

mei ntai ni ng féu4p0l veri ohd Wisplect] achditidB disa@RAl Srolitihg Fee&sbsitibeToE! O,
at liquid, near-critical, or supercritical conditions for the sol vent
fluid; a heatdnfurfi®ebafy WrishiorsurfagescAaiTBgIstraRenahigepreairste aohmpatitsle
substrate(s), including surface(s) thereof; optionally including a
cool i Nng sour ¢RhaRKT Yeheralivh GONEMEC tordprishg Ihe BRpBeapionidingoa rauestae
regul ating tenperatures of the fluids, precursor(s), and/or reagents
i ntroduced t hevieg @,seiatbd hefase(bpdispised s thermal doimghicatibih ata (Sheating

t hereof, within the chanber; wherein the heating and the cooling

sour ces W t hisourtdie); cravitiay artentdiuspsseg | predurssrnediutte MyumniscRentofuigd t h
the substrate, surface(s) thereof, and the fluid(s) when introduced

t o t he chanmbeompideided tai legstoricavpprasibieegasortigeid Sowfigr e 6slutiam dffecting he
substrate(s) at or above a deconposition (Td) or rel ease tenperature
for the precartsmpémiure bhdhe byrfae(s) o sgbdttaee(s)uiofatea(pRyataredit@r above a
substrate(s) to the precursor; and whereby netals rel eased fromthe
pr ecur sor ( s) decanmsiiosi (Tgdoraelaasedémperblurenfonthe heeces@cwidd treuhdaiog ( s)
and/ or substrate(s). [0006]1n one enbodi ment, the substrate is an

el ect roni ¢ ssbgtea) expeding thedsurace(s s amil/orosubatrate(s) ¢d ilespresursercamiution
wafers, or the like. [0007]1n another enbodi nent, the substrate
conpri ses nagtei lguil, Sekecrited, far aupenstitidal fluid eccaritios ,fop tiey precwsoramdd
conbi nati ons thereof. [0008]1n anot her enbodi nent, the substrate
conpri ses newipebytanialumireleasaskfaom the precursor is deposited as a metal film on the

selected surface(s) and/or substrate(s).



WO 2008/ 024750PCT/ US2007/ 076386 [ 0009] I n anot her enbodi nent, tantal um
netal deposited to a surface(s) and/or a substrate(s) is used as a

metal fini Gl foe@zearticle of manufacture, e.g., a gunp®@i&6d7/076888
metal finishing process. [0010]In anot her enbodi ment, the substrate

conpri ses a eo@sl c séhentiber Fspech sraappmratus isidisdased faraigpositian of gegial
carbide (SIC), and like materials, and conbinations thereof. QOll] In
anot her enbodimett surfaees audb stlysiratesc hepapps@iusacopirigingr a sedcdien sbambeim
the group consisting of lowk dielectrics, organosilane glass (0OSG),
si | oxanes, meiphidble Fyesgeiviog ameslveptofiyidis), ox anets!, peasdrspHe), |anRer qirel
conbi nations thereof. [0012]In another enbodi nent, the substrate
conpri ses an reaggmis andpoainianing the 8¢i8entiuidnivciuding seagsaisriatmduceisereto,
substrate includes a surface(s) selected fromthe group consisting of
t wo- di mensi orsliquit hnese-cdiicab i syipadcriticeh dorsitians fert therepiventliddia heating
[0014] I n anot her enbodi nent, the surfaceé;) is a metal surface(s),
ceram c surf @oalce) withiol theechanbdracegrable ndreatindi @ agubsiiaietshe mstyding
[0015] I n anot her enbodi ment, the surface(s) is a feature surface(s)
sel ect ed fr orsutfaee(g)ribefeobiopionady ingkiding, a coaling Isewdrce gapablenig| cegiunction
i nterconnects, the |ike, and conbinations thereof. )
with the heating source for regulating temperatures of the fluids, precursor(s),
and/or reagents introduced thereto, and the substrate(s), including surface(s)
thereof, within the chamber; wherein the heating and the cooling sources within
the chamber are disposed in thermal communication with the substrate,
surface(s) thereof, and the fluid(s) when introduced to the chamber, effecting a
temperature on the surface(s) andfor the substrate(s) at or above a
decompasition (Tq) or release temperature for the precursor(s), thereby exposing
the surface(s) and/or substrate(s) to the precursor; and whereby metals released
from the precursor(s) are deposited as a metal film on the selected surface(s)
and/or substrate(s).
[0066] In one embodiment, the substrate is an electronic substrate
selected from semiconductor chips, silicon wafers, or the like.
[0007] in another embodiment, the substrate comprises materials selected
from metals, ceramics, polymers, and combinations thereof.
[0008] in another embodiment, the substrate comprises metals or metal

iayers.



[ 0016] I n anot her enbodi nent, heating source(s) are selected fromthe
group of infra-red, convective, resistive, ultrasonic, nmechanical,
chem cal , wodogapbispati ons thereof. WO 2008/ 024750PCT/1LJ§2@@347W@,§§6
[ 0017] I n anot her enbodi ment, the solvent fluid conprises conpre55|ble
gases sel ect fapoBy om thea@tm:pe@odmrb.oﬁanwtmxnw@l depbsited toa pyfashEs)
propane, butane, sulfurhexafluoride, ammonia, or the |ike, and

conbi nat i onsamdﬁmaasﬂnstrpe(‘ﬁllﬁ usedzasol hetal Bnisotr ae Article: ofenaviiacise. ¢.0ui d
conprises carbon dioxide at a pressure selected in the range from
about 830 psa g(bbadd iras metal dinghiogPracesH00 psi (680.48 atn), or from
about 1500 psi (102.07 atnm) to about 5,000 psi (340.24 atm, or from
about 2250 p§o10153. 1in anojhet oefawmer& agbe wstretgommnn%ﬁsn)a CEGOIY] | n
anot her enbodi nent, the tantal um bearing precursor is a chemcal
conpound of sﬂecteabrfmﬁ[ {eot T aytido ( TNy Bilgon, Camé?-éﬁﬁ)(qm likes materials,
cycl opent adi enyl (C5H5) ring or a cycl opentadienyl ring

functi onal i zerd eanotinations dheedfdent i cal or different R-groups (e.g.
C5R5). R-groups are not limted. Exenplary R-groups include, but are
not |imted (@1}, g., Imynobgenebgdimentk dhessybstrate camphigased, PebMghes,
propanes, etc.) or aI kyls (e.g., nethyl, ethyl, propyl, phenyl

etc.), al kenseglegied grom éb%)ﬂré%é:onﬁtb’ﬁypa%"sk %@'%Ctﬁ"’s@ror%?ﬂ@él‘ﬁflesgPéS ,
et henyl (CH2= CI—I-zS @FO penyl, benzyl (C61-15CH2-), and etc.), alkynes
(et hynes proff§%@k, siikenes, “methylslsepavietansns Peldioxares. (ad) ﬂ?fer%?eémd
carbonyl ligands, where Nis a nunber fromO to 4. (LN) denotes a
nunber  (N) ofombiaRHong Areref. di fferent |igands (L), e.g., ethylene,
where N is a nunber of fromO to 4. In other enbodi rrents ot her
suitabl e |i g8l (L) FPaf”B@eénﬁiF‘?RF’é’ae“te e subpiER!B| SHTPriSeF | ganerganic
photolytlcallﬁ rel easabl e |igands, photolytlcally exchangeabl e

| i gands R8T yti cal | y-sensitive | gands [0020] | n anot her

the form ({1 H? ??EB*'rﬁ”%q%t a1 UGPSR 0F r HsGetEn NCHigRy P CERPE)
polycyclic hgéiecg rfro%nthe grg&? %gl(sztsgmg of l%\%] %%‘e%s{olnglg three-%imens}ogal and
combinations thereof.
foo14] in another embodiment, the surface(s) is a metal surface(s),
ceramic surface(s), polymer surface(s), and combinations thereof.
[0015] In another embodiment, the surface(s) is a feature surface(s)
selected from the group of vias, wells, trenches, gaps, holes, interconnects, the
like, and combinations thereof.
[0016) in another embodiment, heating source(s) are selected from the
group of infra-red, convective, resistive, ultrasonic, mechanical, chemical, and

combinations thereof.



WD 2008/ 024750PCT/ US2007/ 076386 cycl opentene ring, or an indenyl
functionalized with up to 7 identical or different R-groups (i.e.,
C6R7). R-gwouwpss/@aigonot |imted. Exenplary R-groups i nchpiges2o0uieiné e
not limted to, e.g., hydrogen (H), al kanes (e.g., nethanes, ethanes,
propanes, et oQ17pr al kybsotfer. gmbodireettythe sivent fiuig roopwplisespbemyressible
(C61-16), etc.), alkenes (e.g., ethylenes, propylenes, etc.) or

al kenyl s (e. gasesesdiented 6@l thi:2grGhp of cprbopetipdde, lethary! ethgers.piRPiNe, and
etc.), alkynes (ethynes (CH=C-), propynes, etc.), and conbi nations

t her eof . ( COpuidasciufsrhesrafivorigd, ahingaied oy thetike,eani combmatensdberept. om 0 to
4. (LN) denotes a nunber (N) of identical or different ligands (L),
e.g., ethyl eféyisiher elMansher embhddiEnentfthé somed fivid eompirigescdrben dioxide
enbodi ments, other suitable ligands (L) may be enpl oyed, e.g.

phot ol abi | e bt gepressurepielectestin diad Fangel fems abbw 830geaid86.48 atm) to about
photol ytical | y-exchangeabl e |igands, or photolyticallysensitive

| i gands. [ 0020)0DH pain68hés atrnh otifrene bputt 1560 painfl 82 Qinabyekiciahguipy.BRLPg or
is selected from (Cp)Ta(C0)4 or (In)Ta(C0)4. Here (Cp) is a

cycl opent adi ¢30l.24 @6H5Yr romgabont 22Afcpsi ¢ 11 8ltn)dy cbopleh0B@ipsint?04.Aft ng
(C5R5); (In) is an indenyl (C9H7) pol ycyclic hydrocarbon, or
functional i zetini ndenyl (i.e., C9R7), conprised of up to 7 identical
or different R-groups. R-groups are not limted. (CO denotes
carbonyl |igd®@i9] [ obRAnother aprobedimertntibeli ivaiAlum-beriinga RIGAUIRRF bEaRi ng
precursor is premxed in a liquid solvent, and subsequently

i ntroduced t& %[“@@'rrﬁp@ﬁglﬂ'lﬂ of gthg BNy EaD)TREQenbidle dthergn d@;%s'ﬁt Aon
of the metal filmto a surface(s) and/or substrate(s). [0023]1n one
enbodi ment , BEROREREGeDYLESHs)AELr13 @p(ﬁqwegfémeﬁtrmg[ftm'amafﬁe%%hh@rto
enbodi nent, an al kanol is used as a |iquid solvent, e.g., nethanol.

VO 2008/ 024750=0tcRIgp dierent BﬁQUF[Sde%]QSHs aRoreéns aé‘f’rﬁ@’di”?‘l(?ﬁt Examplayr es
of conpressible fluid solvents and/or qui d solvents are used.

[0026] I n anofh@PURHKHdGe Pt af%rﬁPhl"G‘t‘FPﬁ’ éPeS:Qed hydregant {f). alkanes (e.g.,
tantal um bearing precursor has a val enc (+1) | n anot her

02
enmbodi ment , aednfhaEs a RORANGSo F1C "é(fﬁ‘ﬁl%rﬂ‘ﬂ@gr?tﬁbll Prog¥y PR has

a val ence oth r. than
? Ikeneg Peg ethylenes, propylenes, etc.) or alkenyls (e.g., ethenyl

(CH2=CH-), propenyl, benzyl (CgHsCH>-), and etc.), alkynes {ethynes (CH=C-),
propynes, etc.), and combinations thereof. (CO) denotes carbonyl ligands, where
N is a number from O to 4. {Ly) denotes a number (N) of identical or different
ligands (L), e.g., ethylene, where N is a number of from 0 to 4. In other
embodiments, other suitable ligands (L) may be employed, e.g., photolabile
ligands, photolytically-releasable ligands, photolytically-exchangeable ligands, or
photolytically-sensitive ligands.

{00201 In another embodiment, the tantalum-bearing precursor is a
chemical compound of the form [(In){Ta{CO)sn(Lw)], wherein {In) is an indenyl

{CgH7) polycyclic hydrocarbon, composed of a benzene ring fused with a



[ 0028] I n anot her enbodi nent, providing conprises introducing the
precursor in a substantially solid formand introducing the sol vent

fluid therg@afdbfoghssper sing the precursor yielding a preeuismaresss
sol ution and exposing the surface(s) thereto. [0029]1n another

enbodi nent, pyavpdhitere MPr as ewiepyl dmciombized witpup do7Sdentical @ dftsremnt
fluid and i ntroduci ng the prem xed precursor solution to a deposition
or reaction q:hﬂ;@bgg (iex pDsR; N g Rtdreumeqregidt ilimited u Eixamplesy) Regnelipsrinclude,
substrate(s) t eto. [0030] I n anot her enbodi ment, the prem xed
precur sor i s byhtaredoiciditdantoe; gy dpdrogera (e pikanes ¢agomeateanssi ethanes,
chanber, exposing the deposition surface(s) and/or substrate(s)

t heret 0. [ 003iddanesrstd. heraliombied. meethyl, ethgl, proppi piehypiCadsir stor), dlkenes

i ntroduced substantially continuously to a deposition or reaction
chanber, expdsigngthyracsiapasidnesrets.yiof aioes) (e gn dtrenysiGbat Cdi)egropenyl,
thereto. [0032]In anot her enbodi nent, the providing conprises

i ntroduci ng theazyr(EgHECHRY), amd am)ulaﬁdyaeu {atthyings {OH=Q-)f propynes, ®ic.), and
deposition or reaction chanber and introducing the solvent fluid

t hereafter dicop@inatiors thereop (COVdeDed dapbanyhligands, dihege Bl i9aanombeofrom

sol ution, exposing the deposition surface(s) and/ or substrate(s)

thereto. WOROS/ (24 HeObed/d)5000e7 (N6BBideht®aB3t idiffesamdtlibemds (L), e.g..

enbodi ment, tenperature of the heating source(s) and/or surface is

sel ected i n teeylenengiefe Sinistdhauchbennpbsint © dm 4t dnmpéeatenbediiviet)s, tather

about 600 C, or fromthe deconposition tenperature (Td) to about 400

C, or from t hseitakie dgpaisi () oeyt Enpepayed, e.¢. Tdhotolabih igand85ghathiytically-

[ 0034] I n anot her enbodi ment, tantalumfilm deposited on a deposition
releasable ligands, photolylically-exchangeable ligands, or photolytically-
sensitive ligands.

[0021] in another embodiment, the tantaium-bearing precursor is selected
from (Cp)Ta{CO), or (In)Ta(CO)a. Here (Cp) is a cyclopentadienyl (CsHs) ring or
functionalized cyclopentadienyl ring (CsRs); (In) is an indenyl (CgHy) polycyclic
hydrocarbon, or functionalized indenyl (i.e., CgR7), comprised of up to 7 identical
or different R-groups. R-groups are not limited. (CO) denotes carbonyl ligands.

[0022] In another embodiment, the tantalum-bearing precursor is
premixed in a liquid solvent, and subsequently introduced to a compressible gas

solvent fluid, effecting deposition of the metal film to a surface(s) and/or

substrate(s).

[0023] In one embodiment, benzene is used as a liquid solvent.

[0024] In another embodiment, an alkanot is used as a liquid solvent, e.g.,
methanol.



surface(s) is reduced using a reducing agent. [0035]1In anot her
enbodi ment, the reduci ng agent used is hydrogen introduced at a

st oi chi onmedyip WoseeReS i N the solvent fluid. [0036] 1 n angtted2007/076386
enbodi ment ,[0648} r edueigngthee @nibodiset, i mixames bt ebdpreiksibien e sgivents of
n-al kanol s. [0037] I n anot her enbodi nent, the reducing agent is an

n-al kanol seHReliqM sdsniseiehasal , et hanol, and/or n-propanol.
[ 0038] I n anot her enbodi nent, the tantalumfil m deposited on the

deposi ti on [gozdlace($n | snciherst ambodient, uniahtzium [@@28¢d n feomot hibe
enbodi nent, a tantalumfilmdeposited on a surface(s) is a conmponent
of a bi nar yantélemtbearisg pepcatser marayvalarcelf ghigr order film conposite,
or structure that includes conponents including, but not limted to,
e.g., OSG [6027]1a209n Taidthetu, ed@bbiimantl tfaatalinke, reladed onflinmat ihens
t hereof. [0040]In another enbodi ment, a tantalumfilm deposited on a
surface(s) targalusesbaring pleeupoeipes atalente othen tidinf(f5)si on barrier, e.g.,
TaN, during manufacturing of mcroel ectronic devices. [0041]1In
anot her entjoo28ent , la amuthexl embbdihent, spreiogi tcesiposesa idwdiiciog ths a
seed | ayer during manufacturing of a sem conductor chip or wafer.
precursor in a substantially solid form and introducing the solvent fluid thereatter
dispersing the precursor yielding a precursor solution and exposing the
surface(s) thereto.
[0029] In another embodiment, providing comprises premixing the
precursor in a solvent fluid and introducing the premixed precursor solution to a
deposition or reaction chamber exposing the deposition surface(s) and/or
substrate(s) thereto.
[0030] In another embodiment, the premixed precursor is introduced
batch-wise to a deposition or reaction chamber, exposing the deposition
surface(s) andfor substrate(s) thereto.
[0031] In another embodiment, the premixed precursor is introduced
substantially continuously to a deposition or reaction chamber, exposing the
deposition surface(s) and/or substrate(s) thereto.
10032} In another embodiment, the providing comprises introducing the
precursor in a substantially solid form to a deposition or reaction chamber and
introducing the solvent fluid thereafter dispersing the precursor therein yielding a

precursor solution, exposing the deposition surface(s) andfor substrate(s)

thereto.



WO 2008/ 024750PCT/ US2007/ 076386 [ 0042] I n anot her enbodi nent, rel ease
of tantalumfroma tantalum bearing precursor is controlled

phot ol yt i calo Mosvdzgrsg enoval of one or nore photol abi | e |pEdso7lokdss0f
t he precur s@o3d)n corhuamdthenembddimantp tempémtiure of otnec beatingOd@irdeatis)
anot her enbodi nent, the photolytic source(s) used include nenbers of
t he group aindibrsubbe i6\éeBkted dutheatsge fromtthadedon pekitipttEmsnained[s) ,
ultraviolet/visible (U/NIS) source(s), mcrowave source(s), |aser
source(s), thladslt-808€; oshom ded sgcomippéitien teathefdtiRe (54 uo abgt }00 °C, or

radi of requency (RF) source(s), and conbinations thereof. [0044]1n
anot her entramt trerdecorapesition temperapine{1q) dlaboet 350F&€nds of a

tant al um beari ng precursor are exchanged with a substituent |igand(s)
usi ng a phofos4t i c doumoéhep reimtiodiment, ceetakien 6im depasitbd ont & e pdsitmm
effecting change(s) in rel ease properties (e.g., tenperature of

rel ease) ofsurfaee(spintredused bsiag amgusing@gestor and t hus deposition
conditions of the netal filmto a surface(s) and/or substrate.

[ 0045] I n an@0B8r entodanméimr, emeddimed, dfie treshiciiguagdntormed is hydrogen
tantal um bearing precursor is effected thermally and photolytically

i N conj unctintosdused bt astishibmegicsxoessdl e sohventfluihot ol yti c source(s).
BRI EF DESCRI PTI ON OF THE DRAW NGS [0046]FIG 1 illustrates a conplete
deposi ti on B98élem ofInanbidacemsedinentdibeiregucingraggaticrsidiis agalcalral #Pmm
nmetal filns on a surface(s) or substrate. [0047]FIG 2 presents a

cr oss- sect ithbagroupickwradfanglshi gh pressure vessel for depositing
tantalumnetal filnms to a selected surface(s), sub-surface(s), and/or
pattern feal0@88 surflacap¥pr enbediemsthe sgdiicing agent is an n-alkanol selected

from methanal, ethanol, and/or n-propanol.

[0038] In another embodiment, the tantaium film deposited on the
deposition surface(s) is substantially uniform.

[0039] In another embodiment, a tantalum film deposited on a surface(s)
is a component of a binary, tertiary, quaternary, or higher order film, composite,
or structure that includes components including, but not limited to, e.g., OSG,
Ru, Ta;0s, TaN, Cu, SiC, and the like, and combinations thereof.

[0040] In another embodiment, a tantaium film deposited on a surface(s)
is used in the preparation of a diffusion barrier, e.g., TaN, during manufacturing
of microelectronic devices.

[0041] In another embodiment, a tantalum film is deposited on a surface

as a seed layer during manufacturing of a semiconductor chip or wafer.



WD 2008/ 024750PCT/ US2007/ 076386 [0048] FIG 3 presents a
cross-sectional view of a deposition chanber of a high pressure

vessel forwdepagiziismg tantal um netal filns, accordi ng tE-s2007/076386
enbodi ment of the invention. [0049] FIG 4 shows high resolution Ta 4f

XPS peak data of a bi-layer nmetal filmconprising a tantalum | ayer
deposi t ed [P ccor dancdolfier h emkedimednt irgeasst opf a tenfelHeni fAM ager to
an OSG substrate, according to another enbodi nent of the invention.
Oxi dat i on {@itab@-kerripg arecyisPais ¢RTGIEfPhetpltically via remaval obanes®r BBt h on
the substrate is illustrated. [0050]FIG 5 _is an el enental depth
profil e plrgetofabdedioands Al jhe Aeeursar ibeaniupghion wigh a Phetplyils 8K$s-i si ng a
tantal um | ayer deposited in accordance with the invention atop a
rut heni um[P843r t o larAnetier sepRadingen, the PHPWIvHg Joureetdt uead &ebisgi ment
of the invention. Atom c conposition of the film|ayers as_a function
of depth dRerERRES eiihe GEIPST visthte iBstorEsets) L&tra-wp’@&N\Zitseafcet%ostﬁ-Fl G 6
is a transm ssion electron mcrograph (TEM of a cross- section of a
conposite viglplivisoig dUAYAR) ﬁ‘@ir?%{ﬁ)er"%'chWéY%@P‘," CRi§HI @R PR Ent1ashtim
metal |ayer deposi E d iin accordance with the invention. [0052]FIG 7
is a plot [35€HrONEs8(SanEYRIRe (B spustels)ayetiofiRauancy (R eipi(pliaRd a
tantal um | ayer deposited in accordance with the invention atop a PVD
r ut heni umPEPERUYH Berelsc substrate, according to another enbodi ment
f the tantalum fjlm| ayer fa% a

Funct 1o JBOMIn a dﬁ%@ﬁkﬁnﬁé eerduB58 rog; Bores Phoipable dpaige o
L0053 P & b0 ot S R Tl G 't o 10
2t o U Bl I B AT S A
2008/ 0247?&5%";/ %?gpoegt?e/so 3688 6tempera’ture of release) of the tantalum-bearing
precursor and thus deposition conditions of the metal film to a surface(s) and/or
substrate.
[0045] In  another embodiment, release of tantalum from a
tantalum-bearing precursor is effected thermally and photolytically in conjunction

with a heating source(s) and a photolytic source(s).
BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 illustrates a complete deposition system of a bench-scale
design for depositing tantalum metal films on a surface(s) or substrate.

[0047] FIG. 2 presents a cross-sectional view of a high pressure vessel for
depositing tantalum metal films to a selected surface(s), sub-surface(s), and/or

pattern feature surface(s) of a substrate.



[0054]FIG 9 is an XPS depth profile plot corresponding to the netal
filmof FIG 7, showing atom c conposition of the filmlayers on the

surface ofwbhessabsbrate as a function of depth. [0055]1161@32@@/076386

presents X alys taly drial HRRRs bi £d
a substratgﬁ ajc]cordr%ggtaér)ésaeﬁgﬁgbé%ﬁ%%gﬁne% fa({@ﬁgagﬁ%ess of the

i nvention. éﬁoﬁféiﬂrﬁesééaroﬁ- tpaglmqgsqaﬂéwrﬂgn%la@%h@naaéo@a.ﬁ@rtapgﬁs

(SEMS) of feéature pattern substrates at 200 nm and 500 nm

resol uti onémbégﬁgﬁgﬂtﬁ/@hy@nngﬁ| or to deposition of tantalumfilns of
the invention. [0057]FI Gs. 11c-11d are SEMS of feature pattern

substrat es %OW' ”EI@'@Q]%VH Righ Yesdi@phar M XA8 ek Rita GRbAbI-Idye} M8
t hereto, nm and 500 nm resol utions, respectively, according to

anot her e”?h@éil MRAL c&thpidi®y B %ﬁaﬂ&nOfayémepme@tmoaccokcm?é@]ﬁkrﬁméZ s
an XPS depth profile plot” showi ng atom c conposition of of a tantalum

metal fil mndenRei 466 & AtRerfifh 3 16 Amt edassibsiramt @cccﬁ\@iﬁ@ rtalahgthtep
anot her enbodi nent of the process of the invention. DETAI

DESCRI PTI Qb &@@3htT B tHer Re&lon] D¥REBAdrOBtafeebRiHeStagiRIed dilrh Ya)TeG a&e4 hods
for selective deposition of netals, terned chem cal fluid deposition

(CFD). Nbr fingadi df@leb@dritne blissraveMusiited.el ates to net hods for
chem cal fluid deposition of tantalumto substrates and/or surfaces,

i.e., CFD Jasohe i PEE.adts aéRAiche depthdsofe pldt d@ii MRS dnadhof a
commercial applications as e.g., sem conductor chip fabrication,

met al ar ti giligydr akagtalcivhicdmprising altastblumaaysrgleposiket iimbsdbirddhoe W0 the
2008/ 024750PCT/ US2007/ 076386
invention atop a ruthenium layer to an OSG substrate, according to another
embodiment of the invention. Atomic composition of the film layers as a function
of depth on the surface of the substrate is illustrated.
[0051] FIG. 6 is a transmission electron micrograph (TEM) of a cross-
section of a composite substrate showing layers thereof, including a tantalum
metal layer deposited in accordance with the invention.
[0052] FIG. 7 is a plot from XPS analysis of a bilayer metal film
comprising a tantalum layer deposited in accordance with the invention atop a
PVD ruthenium layer on an OSG substrate, according to another embodiment of
the invention. Oxidation state of the tantalum film layer as a function of tantalum
depth on the substrate is illustrated.
[0053] FIG. 8 shows high resolution Ta 4f XPS peak data for sputtering
cycles 2 and 5 of FIG. 7, respectively, showing transition of tantalum in the oxide

form to tantalum in the reduced form of the tantalum metal film deposited in

accordance with the invention.
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[ 0060] The term "substrate” as used herein neans a base, or
underlying, material to which netals and/or additional materials or

| ayers ar ewgemn@giiRgl. Substrates include, but are not |ideo7i9s3s6
e.g., electiqyys SUbgid afi§%n XBS 8bpth PhSHd AbCSrreSForINCloNOAictAtRS,
pol ynmer substrates, and the |ike, or conbinations thereof. Electronic

substrates bﬁﬁidi.%shauih? aa‘i&ni@%ﬂpb&ﬁér?gf fgf@ﬁgriﬁl-léiyers 86 The eIt Frihe

chi ps, wafers, and substrates conprise icon, and the like, or

conbi nat i ong Ahateeaf a funkbdthtdrabsp. My be conprised substantially of a
single or primary material or alternatively of two or nore materials

sel ected froggssp- 0., FIEL I PreseRSANPS BnalSs YIHRS Profifitf at Metal ilke layeF
conbi nat i ongmt r?greof. Cera?‘irecss i ncl ude,alge. g., ?H Iin@gn car bi de (:%i O

and tantal ugpgished @ea Elbhie, Bdordh@td ot dr BhinBEimeROLMAB bRock&CbUAE
e.g., organosilane glass (O5G, Iowk dielectrics, siloxanes,

met hyl si | segguhtpranes, pol ysil oxanes, and ot her pol yners sel ected
fromnma or classes of inorganic, organic, and hybrid polyners. As
such, conpogadsepn i SFIEY, {11d7 1L dre Sdablihy I Be@ions Mtsbdrapias (SEM8) o9 not
limted. For exanple, materials and |layers of a substrate may be of
any arrangefRfire pattétarsubstraes atSEQURAah@b00 Rinereasgtiung Alesp&dticely, prdad/ or
pattern as suits the intended application, article of manufacture, or
conposi t i ontodepdBitibe bf tahtaluneitmeRl the id@fticnnduct or substrates
typically conprise silicon, but nmay conprise, e.g., sapphire in cases
wher e radi afoas7)r esi FiGicelcitddi apOoSEMBtof featale pattem lsubsatayes following
applications. [0061] The term "OSG substrate"” as used herein neans a
substrat e cdegpsitiohesttastaium, Godjoimgtrmetal fihishthérdew, iah\2e0tnnoand @IPrmnsi ng
of a silicon wafer prepared with a first surface | ayer of

or ganosi | aneesgluéisiss, (€3pEtivelye hemotding to rdfl@2 pibeditrentof thel pfaress’ ofdbe used
herein refers to any substrate boundary where deposition of a

t ant al um nmetrakntfanl m i s desired. Surfaces include, but are not limted
to, e.g., two-dinensional surfaces (e.g., horizontal surfaces,
vertical WDOESD8102&IG0RAT AUSPES0HPIVEBEI6 pialishawipg atoiiatorspositmoed ) |

t hree di nensional surfaces, feature surfaces (e.g., vias, wells,
channel s, t pkadérdalumi mefat tlondersisiigd toca wpamic ceated ontpitrate, swedrdiogdo as
wel | as surfaces including, e.g., nmetal surfaces, polyner surfaces,
ceram c sur Baetber, erahndiméend of fheeproesss obthbinvactiavns t her eof . No
limtations are intended. [0063] The terns "substituents" and
"constituents" as used herein refer to atons or groups of atons that
can exchange with |igands andhgiafletrbESERIPTHHAUPS Present in a
precursor nol ecul e. Hydrocarbon St}bstituents I ncl ude, but are not
limted to, e.g., alkyls, alkenyls, and al kynyls. [0064] The term

"al kyl" nmeans a nonoval ent, unbranched or branched hégrocarbon chain

havi ng no ddQ5% bondbe trresest inveation; iatates penarally @l makhedsivresalediivey

renovi ng one hydrogen atom e.g., nmethyl (CH3) and ethyl (C2HS),
derived froffRISE{OP 9hanalsls. tﬁfrll%ﬁ@?,m'i:@' é’{“,d éﬁ@?ﬁ (QRE)- &%)'e aafticdathane
(C2H6), respectively. In sonme cases different al kyl groups can be
formed fr omﬂteh@vﬁ'gpénrte'aé?%(%@eff}?dﬁéﬁbﬁh%'C%l i depesiftorngidiaptaim 4 om

along the chain, e.g., 1-propyl or _n-propyl (CH2CH2CH3), and 2-propyl
or isopropyﬁlﬂ{%ﬁte@-%}jﬁ,s“ et f%r%@‘-ﬁ%r JE?M%&WGU@%M@HBW“%% a
functi onal g{o%g is joined with an al kyl group, replacing the

hydr ogen t h8t SYsC GlayaPRICRENS Anet i SCRCRESIUHIY: fabrsationt Betalt i cs
depend | ar gel,. t he functional group. Alkyl groups include, but are
not |ini teda'ft%l,ec%gt.’r&.at,'orb@- Saﬁ?&}rl'ggﬂ'%fg'ﬂﬁ”@uch as nethyl, ethyl,
propyl, butyl, pentyl, hexyl, and |ike substituents. Al kyl groups can
be unsubstituted or substituted with one or nore substituents.

[ 0065] The term "al kenyl " nmeans a nonoval ent, unbranched or branched
hydr ocar bon chai n having one or nore dbuble bonds therein. The double



of an al kenyl group can be unconjugated or conjugated to anot her
unsat urated group. Al kenyl groups include, but are not limted to,
e.g., C2- Gyoabbeiyisogroups such as vinyl, butenyl, pend&mydzo07076386
hexenyl, an@oéalke nOTHRLteRs “{dBs@ate” Hiuskdi Ienyih mae@stadshisenyl underlying,
hexadi enyl , 2- et hyl hexenyl, 2-propyl-2-butenyl, 4-(2-nethyl-3-

but ene) - penhgsiid)to whikie mydtalgrapdes atidiiohst mateLdls tor tlayeesl ace depdmitedt ut ed
with one or nore substituents. [0066] The term "al kynyl" nmeans a
monoval ent , Subsbates dhadded rbubrara atee dintitedr tloc @lghoalecthanian shistiatesy, onetalor
nore triple bonds therein. The triple bond of an al kynyl group can be
unconj ugat efdibsirates) Rtpat substratea yaiymesr subsiadtes, ahe thedike,up cobloatigrs
groups include, but are not limted to, e.g., C2-Ca al kynyl groups,
such as et hyérgbt. Eampnigl ,substtatery | incladat yimytl ,ardexphylimitethdtd, i leag.,

noi eties. Al kynyl groups can be unsubstituted or substituted with one
or nore subsmitaneotters( ehigs, wahes,hyridpubgiyatys comprized lof silidonbad/ el like,

4- propyl-2-pentynyl, and 4-butyl -2-hexynyl). Al substituents as wll
be used by drivoswiratioskineteof.rSibkteatas mayrbevcaempriséd shisstamtiain of asingle

di sclosure are within the scope of the disclosure enconpassed hereby.
No |i m t at i cvmpsineane materiahorealterstivale of twe o Mdere] 0@1673Sstlecad fiomuieds, i n
whi ch sel ected netal precursors have solubility are suitable for use
i N conj unctmetalswicetanti¢se polyrens,i and theclikediongombingtionsctieraoésEerlamicsgases
and/or liquids. Conpressible gases include, but are not limted to,
e.g., carboncidiexgigesilicenicanpaie (8iG)yaEnd fantalpmoyitsade (Tah)t uiare not limited.

sul fur hexaf |l uori de, amoni a, including derivatives and substitution
product s t HRolwodrs ieclyde, ecth] oigenedilgéne glasei(B86, lowk diblectitk eiloxangs,
conbi nati ons thereof. Liquid solvents include, but are not limted
to, e.g., beeihdeisesalirmies.spolysieraneheand othei polyoers aetestadnibain e@on hose
of skill in the art. Solvent fluids may be conprised of a single

sol vent or RfSesS PhATAEAE. 8@RDIENENd 'éylglﬂ,POévn’lﬁﬁs-g;{)ﬂ SUSht camRpasdion|is ek her
enbodi nents, conbi nati ons of conpressible %ases and liquid solvents
can be usedimiedgStructae ofupsiesies ismalspanblimitady Fonskarepleemaisdipliend a

| iquid solvent is used to prem x the nmetal precursor for introduction
into a bul Ka¥&ssY e SubktEate gnaie ke o any arangementngrase Jesit peswestalt he
metal film_ In still yet another enbodi ment, a netal precursor is
preni xed i MieAhiegh & ANG/E RAJEm af |Yity tmintensed orrptietionn aricleediui r ed
into the bul k conpressible solvent fluid, effecting deposition of the
metal fil mMARTRGEL 9t PURROsEIPR of MAlKELPr eXprPigopgiRiEaRdustos syht@desang
liquids as wi.ll be contenpl ated or selected for use as solvent fluids
by those oftYRIRAIY| CQMPrisResilaon. PH (MayPoFIPTishie @@ s3APRRTR & £AEESVMMIRTEN t he
scope of the inpvention. [Q068 rbon di oxide (CQR) is an exenplary
sol vent 11 JRGEHER RS A0ER SGPoak YAk A8 MUlaY ARBCiSanet or 5 (i c. .

itical t t TO = d crjtical ; Pc) = 72.9
sim Gre HelBRbok. 7 & D3GR 68 adecbiiieE: meptse agnlet

Evﬁ‘c? a;vf: 1P el §£E%ﬁusrtcﬁ{vrbaeﬁﬁ?fﬁ%i%‘v%a%é{?@%éwﬁ gfi5i siicohaatainge
830 i.(56. 48 0, 0Q0 i.(,680. 4 . M
bar 11 oul ar 1§50 PE it Bt BB Blieded BB bos e e S ORIt 1500 o
bressur o AP808e oot i caEEos: m3 e Rl bioe By Rk binev
omaorat oo e Beboddh ol iidlim el L BELRRS SHSeae b By pre,

Tenperature, pressu and densi't

or acur sor o T8 G40 Sickbist Aol ot g SRV ZHRH Slizedh oHRal any

associ ated reagents in the solvent fluid. Many tenperatures and
pressures for m xed precursor solutions are practicable if the
density of the solution is maintainedZabove that needed for



may be exploited in a given solution by effecting changes to pressure
and/or tenperature in the system Simlar or greater effects can be

attai ned iwoSehs/d2h1sh ds where higher densities may be exglaid:6H08Gs@
function obyrRfgs ik Sufdtds P thréd BRRNSIHAISUrESR) RRdtFe [sQ._@&%]sgﬁggws,s
having solubility in the selected solvent fluid at |iquid,

near-critigals, cAbnifdiafdhchdd, GRbreoRidtd)] 88HpdAE dri@niMdw SitacBBYade
used in conjunction with the invention. Reagents include, but are not
limted towef. 4 sufRE4GHAGLIRYGS métat alrvddes, PAGRAES slifac®s, ceramic
catal ysts), as well as other reagents facilitating desired outcones.

No |im tatbgneed #dithy RedecconBirkiliend Bercbr dA@AMittics 0intérRRA Wi th, or
are ot herwi se conpatible with, solvents used for prem xing of the

netal precyiose) s antihdterhboadsRIBHOVAR @onsifiRnRr bd théPhere®l réRRto
Reduci ng agents include, e.g., hydrogen (H2), alcohols (e.g.,

n- al kanol satofmt dstagn@hﬁs &F Rdied thetcan) ex@Rshde! Wek igandsaBh@or RALEINAY
agents apparent to those skill in the art. Hydrogen is an exenplary
reagent gi ye0ps praskst iafd petiren@spcas. BydroshiborngutRgrBhts iddludd, Hupxygen
scavengi ng capacity, and 3) its solubility in selected gaseous

sol vent f| aied®t lihitedtoee. g7akgls akdnylshytt sIg@wisi s added to a sol vent
fluid conprised of carbon dioxide at selected liquid, near-critical,
or supercr [goédhl conig teronSikyrmedres aaharevklefd, windranbR7 0f Meinbibets f or

i ntroduci ng reagents and precursors in conjunction with the invention
are not | i hydreshrbdrochaix dzping, nor dagde thends yhdoein dénved Ufeeral athi alkatd y t o
a deposition chanber as solids, liquids, or gases prior to mxing in
t he sol venimofecule dyaoemuaing loee ydnsperedionm exg. sokthgnCHandndlethiyviEndg, t 0 a
deposition chanber at liquid, near-critical, or supercritical

t enper at ur égrivedrfrérh ehsiel pacere dalkanes,2 0.8 TN RCH/) USRD ebad 68385),
solvent fluid. In other enbodi nents, reagent(s) may be delivered to a
deposi t i onreshegtively. latsomewesesdifféregtradkyl grupe cat be ésmet fmmuhe pemnel y
required to effect deposition and subsequently heated or cooled to
desired |igkang byesaroving a diffallent loydregepeatomialongahe chapes.gt drmespy or
effect controlled deposition. In still yet other processes, reagents
and/ or pr ee@ryr €heby-6Hs)adore @-psarys omisoprap ¥\ CHEGH )b umiis formed from
intermttently, or batch-wise, e.g., for controlled mxing and/or for
concent r at Pl@R2 eh§IH2Cliik §Vhenoa finestienss grqupi is aineshwita@e diet gopp,

i ntended. All reagents, precursors, and procedures as wll be

cont enpl at E@lasingt hes Bywegaskithat was reéraovads a reompewndofis tiorenedi wbbsssur e
are within the scope of the disclosure. [0071] Those of skill in the
art will reRmeisicy dependrnaraei\partbe Smclienahgroupi Akylaiowns ingludes bt

reactions or sequence of reactions occurring, e.g., between

pr ecur sor (F, ot dBYeh{Q D9 Sarde @FYHERERS SHEhasrEed M. Atd) prombabutylons
include, but are not |limted to, reduction, disproportionation,

di ssoci at | BWYld EeBHn &8¢ t ke nsubsiitypntac AMvhtgroynsocen \pei gnsubsiifuted or
conbi nations thereaof. For exanple, release of a deposition materi al

(e.g., tantstiHisdeyi onerqr sare skhsiierSor to a solvent fluid may be

effected |&&%?]depostrta on vessel or reaction chanmber, by t her mal

" " €. g

deconposi t di ssbé Bmoakei” meats amongyalentowibratones gr bianskrlient
reaction wt . 9., a reducing reagent, yielding ultimte deposition
to a subs%ﬁ{?@aﬁ?o S(RLRaYIng oneprgperE davbleriangs theteinofir double Bendy gas,
solid, or Itj uilg r?a ent tq a deposition vessel or reaction chamber
can initiale rBaEH Qﬁ)u &P%O%Fﬁ%tﬁ‘i’ 9b Foriugptethio anodps dnsatyraiechy

bet ween a d% osj,tion materi Fll rel eased fromthe precursor and the

e skl gffibs st

r eagent . N ToUPS, Include, bt are) not {fgifed to, e.g., Co-Cs alkenyl groups
2008/ 024750PCT/ US2007/ 076386 Tant al um Precursors
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[ 0072] Tant al um precursors suitable for use in conjunction with the
invention are of the follow ng general forns, denoted in [1] and [2]:
[ (CP) (Ta) (WQ)Adik@rsd41[ 1] [(1n) (Ta)(C0)4-N(LN)1[2] [ 00%&isaboklorssbép)
denotes a cycl opentadi enyl (C5H5) ring. In [2], (In) denotes an

i ndenyl polycyclic hydrocarbon (i.e., C9F17), as illustrated in [3]
and [41, respectively, hereafter: [ 0074] Precursors, including

t hose denot egch is[vidy,andehyd] pertée 1exbmdi bihd Ykd Moty q8lg.,f buthdisnyl,
described herein and stability at selected liquid, near-critical, or
supercriti calenfadiehd, Cﬁébdidtén?lﬂs 2{ethythexerhy TIRp@bYLRBUte Y], € SE(ZE@Sthyl-3-
densities) of the solvent fluids enployed as well as the m xed
precursor s@utdnePpeniGasc Rlikead dilrs dan BY 6RdUbSRGIBd D SUBSIRBE &lith one
conpounds or noieties conprised of ligands that are sufficiently
thermal |y | abbioee Substisehtse as to be renoved at or above the
deconposition, nelt, or release tenperatures for the precursors.

Li gands (LN)jo0o68]! ude Theubrmarskynglt mdand aedotdvaledt, Ginbrafatidaosrtrafdbey and
ot her substituent ligands including, but not limted to, e.g.,

- (P) RIR2R3, hy(ifsp&tbER BRain abkemose dremere, triphe 6stdsthered. Ky ehid Sor@. of an
HCECH), and like nmoieties. Here, Rl, R2, and R3 represent |ike or

di fferent R-atkyoyipsoupReagy muprscoajugatedtor conjudatet msarothey upsats@tadgrbiig.y
WD 2008/ 024750PCT/ US2007/ 076386 is maintained in the selected

sol vent. R- grlguplgrouns!inciede, but aramet limitedl tb ne.¢.e G,-Ce alkemd grouds, saick ak
groups (e.g., nethyl, ethyl, propyl, etc.), alkenyl groups (e.g.,
H2C=CH2, pr efenyl progmolylebtynyl, mEnkyply hegymoliasd (ike gnaietid€EECSKymamcbupsc. ) ,
as described herein, and other like noieties. Qher suitable |igands
(L) may be eapl oy amhsubsiiditert i angsehstitutedp ith obrebidrembreg anbstituents {(e.g.,
photol ytically-rel easabl e |igands, photol ytically-exchangeabl e

| i gands, or meaiRrbyinyt d-methylehbitymy,ed-piogarRisgntyryh nd gi-bitgshexyay!). ar e
photol ytically rel easabl e and/ or exchangeabl e fromthe parent

precur sor atAlhsabstiupnisas wiildiegised by Teaseaif akill [MTthy artrin vieesd tpr ievantisor s
(e.g., conplexes) is a constituent nmetal ion in the (+1) oxidation
state. Synt [isiosugnarecwithin sthe yscope ohdlse disslepanenercompagsidaheretly. Bog. ,
by Bitterwolf et al. [.J. of Oganonetallic Chem, 557 (1998) 77-92].
Bondi ng cheffinglianssreiigiendpét ed with cycl opent adi enyl rings and

i ndenyl polycyclic hydrocarbons in tantal um (tantal ocene) conpl exes
are keenly influenced by an unpaired el ectron available in these
species, giving rise to both coordination and pi (n)-bonded
conmpounds, Both cycl opent adi enyl PeWpnkFlHigs and i ndenyl (1In)

pol ycyclic hydrocarbons can further conprise various substituent
R-groups, as illustrated in [5] and [6] hereafter:

[0067} Solvent fluids in which selected metal precursors have solubility are
suitable for use in conjunction with the invention including, e.g., compressible
gases and/or 'liqﬁids. Compressible gases include, but are not limited to, e.g.,
carbon dioxide, ethane, ethylene, propane, butane, sulfurhexafluoride, ammonia,
including  derivatives  and  substitution  products  thereof, e.qg.,
chiorotrifiuoroethane, or the like, and combinations thereof. Liquid solvents
include, but are not limited to, e.g., benzene, alkanols, and other liquid solvents

known to those of skill in the art. Solvent fluids may be comprised of a single

14



[0075] Here, Rl through R7 represent |ike or different R-groups.
R-groups include, e.g., branched-chain, straight-chain, and aromatic

substi t uemny®.200R$Bo0f skill in the art will recogni ze gchiads2003/¥8d3681S
and various chem cal groups are suitable for use as R-group

functionalities on-the (Cp) rings and (In) polycyclic hydrocarbons.
All R-groups as wll be known or selected by those of skill in the
art may be used as long as solubility of the precursor is maintained
in the selected solvent. No Iimtations are intended. All precursors
havi ng a deconposi tion

he. abri catTATegF Mg PReTE PG B eceBIven oGy daf AR ArbaRefis; 0,
of motal fi FEOESIREEY SBRESr Soe i e s B T a8, ety
br ceur sor s PeEeEs PATGRH yialon Srearisin 7 I SPEER Sfpd WhAMHT
Tenper at ur o B Al ST 2 LN EFRECITS IS¢ BUlsoET TR BR B SVeBt 84 or
Deconposi ti gﬁécﬁ% %%Sgsit%%ngfetﬁg tnleertglllfﬁm. Ir‘ ;tier:?et (alng%gﬁg%ément, a metal
precursor is premixed in a compressible solvent fluid and introduced when
required into the bulk compressible solvent fluid, effecting deposition of the metal
film. No limitations are intended. All compressible gases and liquids as will be
contemplated or selected for use as soivent fluids by those of skill in the art in
view of the disclosure are within the scope of the invention.
[0068] Carbon dioxide (CO,) is an exemplary solvent fluid having easily
aftainable critical parameters (i.e., critical temperature (T} = 31 °C and critical
pressure (Pc) = 72.9 atm, CRC Handbook, 71% ed., 1990, pg. 6-49; and critical
density {pc) ~0.47 g/mL, Properties of Gases and Liquids, 3° ed., McGraw-Hill).
Pressures of carbon dioxide are selected in the range from about 830 psi (56.48
atm) to about 10,000 psi (680.46 atm). More particularly, pressures are selected
in the range from about 1500 psi (102.07 atm) to about 5,000 psi (340.23 atm).
Most particularly, pressures are selected in the range from about 2250 psi
{153.10 atm) to about 3,000 psi (204.14 atm). No limitations are intended.
Temperature, pressure, and density regimes will depend on critical, near-critical,
and supercritical fluid (SCF) parameters for the mixed precursor solution
prepared by mixing the selected precursor and any associated reagenis in the
solvent fluid. Many temperatures and pressures for mixed precursor solutions

are practicable if the density of the solution is maintained above that needed for

solubility of the precursor and associated reagents. Further, density increases
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169 Ta (Cp)Ta(C0)4 171 -173 *Synt hesi zed and obt ai ned from Prof essor
Thomas Bitterwol f at the University of a o (Mdscow, ID). (In) =

I ndgnyl I powbcm@d,dzgziahég[ ocar bonq é}cgi/ Qécl open%am enyllgpggm%?}(og@)m =
car bony! A PEOH 6AY bPeAbaFE Unah§ey RS prBkéure ranalot .
Dept . Chg% str OlUnllverélty of ! ﬁe I\/bgcow I D). p[0076] Precursor

Concent r at Eﬁ?ﬁ%oéipret 7 B Sybier. tSlrﬁfIarS@l’t é’réé‘tbf’ @fedtd) ch®eSatarEldeifl SOF vent s

may be use mtations are | ntended. Deposition Surface

Tenper at ur ﬁu|EQ?JEZﬂeTmﬁhéereH&tleéjﬁi‘ég_'%%%bfoh&”'a§ aTdtion of Eres%re and/or
"tenperature of decofposition as used herein nean the
tenperat ur gferiiiech tantalumis reI eased fromthe netal precursor or
is otherwi se nade avail abl e for deposition whether by displacenent,

di ssoci ation, nelting, deconpl exatpgiyensy deconposition of the
precursor. Surface tenperatures at or above the deconposition
tenperature of the precursor may be enployed for effecting deposition
of netal filnms. In particular, surface tenperatures are selected in

the range famy he %Q@ém@%hh@rsommernamw@ie(cﬁd) sdNent gids&l reiced

precursor t out 600 C. More particularly, deposition surface

t enper at ur ggardr@cAE| R Ch@sbrérfichin@oridiiee fdrothet Relvélec aiEyodet LSEY in
tenperature (Td) to about 400 C. Most particularly, deposition

surface t egpgumitivh &Ethathe inednlieh.eBeddentshibcliasdsutfaromot Mimitdeeonpgsi tion
tenperature (Td) to about 350 C. WD 2008/ 024750PCT/ US2007/ 076386

[0078] As Wrdducing abeses, dateddicbagenoti@., ofataildts) asnwélhesasther teagpets at ure
of a deposition surface may be effected in various and alternate ways
i ncl udi ng, fdefitatingtdesireti dutsbntes, Ne limitatiahsraee intdrelad.i Rgpfaredeagemgdof a
surface(s) and/or substrate; heating or cooling of a stage or
pl at f or m i nocreattaeith, wr tare athewwideacar(stibengity solserits used &ir phaxaikinggpfor
cooling of a fluid in contact with a surface(s) and/or substrate;
heat i ng or theomkiah greatirsarssarlditri those( employedoaseihersiocipsiodaiment reducing
containing a precursor in contact with a surface(s) and/or substrate;
or conbi natgeansircheecnd., hidsogemiHerBiconds &g, n-atkemus dnetfanol,estizmpl, e,
tenperatures of a stage or platformin contact with a deposition
sur f ace(s) ewndant othepssuitatle neeycimge agente capparent .g.thoss akit dolthegaraind/ or
heating) in the range from about 100C to about 1500 C. More
par t i cul ar Hydrogenjseameaxgrmpiaryneeagbet giveingg ite dfféctiveress pangeddangmgebbut 25
C to about 600 C.

2) its oxygen scavenging capacity, and 3) its solubility in selected gaseous

solvent fluids. In one embodiment, hydrogen is added to a solvent fiuid
comprised of carbon dioxide at selected liquid, near-critical, or supercritical
conditions for the solvent fluid.

[0070] Methods for introducing reagents and precursors in conjunction
with the invention are not limited. For example, reagents may be introduced
directly to a deposition chamber as solids, liquids, or gases prior to mixing in the
solvent fiuid or may be premixed in a solvent and delivered to a deposition

chamber at liquid, near-critical, or supercritical temperatures for the selected
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[ 0079] Further, tenperature and pressure conditions for the deposition
chanber will further depend on the solvent and reagent choices

enpl oyed agoWoddio2PBe Under st ood by the person of skill igpti@odlobszsdNo
l'i mi tati onssofieft fluid. @R @EHEr eMBbdIREAREDIcRgeRt(s) HfdyrRsdaieted i & iepositon
mani pul ated within a deposition chanber or vessel for effecting

condi tions @dinbablae 16wér 80hiBBI Serattitataress Plabt iRNsteRMRIgak&d té Retfeei n.
In particular, pressures are selected in the range from about 1 psi

(0. 068 at MdepasifdPbitd dkhs8lertyinebibdt} cablell to WbsiedlRuIdl eedradritiyal, or
pressures are selected in the range from about 500 psi (34 atm to

about 5000 fpkrclifdd teinBlratUvds tio Péffdct Gah®dlled, déosRishlr &S shil eyeg edtaart ed
in the range from about 2000 psi (136 atn) to about 3000 psi (204
atm . No | igrbéerbesReageh® dndlce peRdrsofHA8P béatidatesivanaintaly centhuresiods
contenpl ated by those of skill in the art for controlling

t enper at ur dstefsittantlye pobaith-eiees etd. afoe cordrotéd edtinglamdisn for ooncehtration
deposition surface are within the scope of the invention enconpassed
hereby. MdohirblayBrusConpgsidess WmithtiShs uare uhersby OBRhiidhe All nreagénten i s
not limted to deposition of single filnms or |ayers. For exanple,
deposi ti on pécursont,andrprééddumesramywild be tanteinelatatichybthosstofvekillhin thiehat in

sol ution processes disclosed in pending U S. patent application

(11/ 096, 346)ew aisthavdistloaze prowiiss 6 dcopewf thedisblesaet (e.g., CVvD, PVD)
to generate nultilayer filns and conposites, e.g., binary, tertiary,
and hi gher -90@Hr conpose tedsskiinid therart ik esoguing thed dbe dfventidreis abts
including, but not limted to, e.g., netals, ceramcs, and pol yners,
or the |ikdimiteddyclypds ofateactions ton eequsnce 66 reastiompdaeyrring, ear,i teiween
enbodi nents, tantalumfilns are deposited on substrates and surfaces
sel ect ed f rrsesuwrsns(syreagent(s), end/andeposifien gateriats), R&aalpns melude,Huf ereg. |
Cu, Ru), polyners (e.g., OSG siloxanes), and conbinations thereof,
but i s not natnlimied tteer eeductionn darroperbiontitinntdissesistiarbe deampdsiion,
herein, a tantalumfilmis deposited on a substrate conprised of OSG
copper net #isplangggegt ehotolysise po cerabingiiane ithereef. dFar exainpley rateaspadia e
conprised of SG Tea/ Cu. In another enbodi ment, a binary conposite
conpri sed cfepesifieramateriel (erd. dapakim eetabdirogna aragersplioraysaand fivid teayof
OSGwith a diffusion |ayer cover conprised of a SiC ceram c generates
a tertiary heseffested 1o 2 Hfpesition vepse! yait reastet chamheio k- gy, therbahar y
conposite structure is fabricated by deposition of a tantalumfilmto
an OSG subdiecameosiiions dissegjefiony ort¢isplacesiepbt pasmiting sehseguentpieastian i n
the USG As a consequence, XPS analysis shows the conposite is a
structure cHipS%ed BAUCRET928205, ielding Adinatexdeppsitian 19 pagubstrate or
conposites and structures are |ikew se achi evable, as detail ed
herein, e. giurfa%%e[wqtmeécﬁxer@a?r Eedygtion pha qasEid; qraliadis reagent to a

OSG Ru/ Tael/ Ruci ;. OSE ﬁu/ Ta/Cu. In WD 2008/ 024750PCT/ US2007/ 076386
general , vASPBYLOMYRSSE) &y&ACOR FhaaberSandnitjale daaciPR baRtaeR PIEHBYsi t es

have been fabrjcated in conjunction with deposition of tantalumfil ns
of the i nvear‘['gi BW {595y i%ﬂ@%‘?@!ﬁ?’h@egeaﬁ’ﬁf%wﬁd@b relggsgq fremr e ner
denonstrate_that order of deppsition of tantalumnetal filns in a

| ayer ed, arPd?%ﬂrS%f’gﬁ}e @8%%’@5&9&"}”@“%@”? |”Fﬁ“?@§‘, whet her deposition
constitutes a first layer or a final layer in a conposite or
structure. Thus, no limtations are intended. [0082] Processing of
mul tilayer conposites may further entail chem cal or physical
preparation of substrates and/or surfaces enabling adhesion of the
metal filns produced, as well as post-deposition processing steps
including, but not limted to, e.g., additional cheni cal reactions
and/ or depositions in pressurized systens, thernmal annealing,

evacuati on processing (CvD, PVD, ALD), and/or renoval of unwanted
reacti on products to ensure desired fi7l mcharacteristics. For



[0083]FIG 1 illustrates a system 10 of a sinple bench-scal e desi gn,
according to an enbodi nent of the invention, for deposition of

tant al um nRigadgodid2i785. System 10 conprises a deposition pgss8ho1Rbs3s6
reaction chanber 12 of a high pr&fsiufreP@earspsf or contai ni ng sol vent
fluids, reagents, m xed precursor WD 2008/ 024750PCT/ US2007/ 076386
solutions, and the like introduced thereto. Vessel 12 is adapted for
housi ng and heating of substrates introduced thereto having surfaces
wher eon depogpfijon OfTamelh fredurSors Ssuitbleefef fic irectonMastivel with the
coupl es optlonally to a solvent fluid source 14, e.g.,

ul t ra- hi gh- pefdntion &e%:f treilcin d;pgﬁnemadrmse@mtad isouBAE[2)6, e.g. .

hydr ogen (99.5% . Solvents and reagent fluids (e.g., CO2 and H2) may
be pre-treated to renove inpurities, oxidizing speC|es, and/ or
oxygen, e.g., in conjunction with specific filters or cartridges
(e.g., Oxy-Trap cartridges, Al{dp@h)eesagigres, Inc., Deerfield[1]IL,
USA). Pressure is progranmed and naintained in system 10 and vessel
12 using, e.g., a feed punp 1§(if)TaCO)antR)Hel 260-D [2]

m croprocessor-control |l ed syringe punp, ISCO Inc., Lincoln, NB) in
fluid connection with solvent fluid source 14. In the instant system
conponents are operatively linked via 0.020-0.030 inch I.D. and

1/ 16t h-i nch [00T8] hi gHapeYSpy eehdtesiad cydiopenttiegyla(is) HRL AN {21 afef er
line(s) 20 conposed of a high-strength polymer (e.g., PEEKTM

Upchur ch Scidenbiekian ihdeny) pWilicydhe hydretaabeh (1A)Cabk), st diustrated is {3 ednd
tubing, but is not limted thereto. Solvent fluid is introduced to
vessel 12 vi[dl sispectael, hakafter22 (e.g., a nodel 15-11AF1 two-way
straight valve or a nodel 15-15AF1 three-way/two-stem connection

val ve, H gh Pressure Equipnment Co., Erie, PA or other appropriate
val ve) fromtransfer ne 20 Ieadlng from punp ] a_vessel 12.
Reagents are introd @ to Upssel [B2 from reagh @ re lD6 t hr ¢digh
anot her standard valwe 22 (e.g., a nodel 15- 11A 0-way straight
val ve, H gh Pressure Equipnment Co., Erie, PA). Solvents, reagents,
precursors, and/or fluids may be nlxed optionally in a prem xing cel
36 prior to OAT4loductRresHrsess.iaduding thpse deratethind it lrngrls Bavessaljiiein24
(e.g., a Bourdon tube-type Heise gauge, Dresser, Inc., Addison, TX)

i s connect ecsolvgnt, Byjde dedcribeg herrim and |5F@"k§‘f é§§‘€lﬁ@e¢ Haegspeanciitical.oelt i s
not limted thereto. Vessel 12 is suitably

2008/ 024750 FEPIGSHE At 6aBBions e dd iemparaélffaﬁda’reastff%ﬁréi%@a% afr Biggh
yet another standard valve 22 or |ike vent valve. Vessel 12 is
further coupﬁoé’&”i duids rampined ﬁ m@"a%ss&%myeéspre@ﬂgor SOA“tWBaeClesi@eélAFl
safety head Pressure Equi pnent Co., K Erie, PA) preventin

over - pr essurhei%ig i BIFCHOPedE emcai %@E%Lfndifrlrﬁo'%ﬁ?p?%r@?%@ﬂc r“%%ﬂsl y
to current s urce Bg_for EPf Pq subst{a es and fluids introduced to
vessel 12. %%%’P spgiicieqtly A Ippilgdiaple iR PhErradygH & o5 abpye fie

circulationscpath f.or co I|n and/ or mai nt ai nllgg sui tabl e

t enper at ur e<JSCATIPRYLQN, Met. ofLelsase leqPEratires d¥s Q[%CLF%OT%E%’E’?e(HN)by
per son of | SRR ARt e SR 1. Faborrait fc%@f"‘@%h%hséﬁﬁﬂ figands '
Ly f d dd

apeci f1 6 corvdie: B gR JEFERTE: HoradoRy B eﬁﬁﬁf%%éhé’aﬁnﬁ% Blses,

d/ f t d t d
ggopgro;ra tn Eeﬁ%$éhpg%@urg3362x%p€@y ?'Eﬁrkegﬁiq?%'ﬁsaﬁaﬁor IC%IE % of

I d t

el ectron o SeBRpeiRe only RIS uRparc AP G T ies B F°§§'§Pe°‘ﬁl§‘b‘.!ﬂ¥d
devi ces, reagent delivery systens, spraying equi pnment and/or devi ces,

pressuri zation chanbers, evacuation chanbers, and/or other allied
processi ng systems, devices, and/or edd pnent conmponents, e.g.,



vessel section 74 machined of a refractory netal, e.g., titanium
Sections 70, 72, and 74 when assenbl ed define a deposition chanber 82
seal ed usiwe XesaRsBressure | ocking clanp(s) 76 (e.qg., apcERidbo7orddss
cover clamp, Parr Instrunment Co., Moline, Illinois, USA) that nounts
over securi ngsmaimtpioed imte Fdeoted boiverd. Rigraupedodiudsf, bubpre7agt fivotet do
72, and center 74 vessel sections, respectively, effecting a pressure
and t enper at we.g., dtadlky! ngroasss &.9.1 nettl,aetpyls prapyl, i esc.$ ealkerot! groups| @aki ng
ring 80 positioned about the perineter of clanp(s) 76. A w ndow 84
(conprised, eHf=CHof propeaplplandeectc.yakety] glpupst &.g.SyRH amt efc.)Sadsem
MA 01970) is optionally positioned in top vessel section 70 for
observi ng phasscebed héreinngnthaltizariltke rodiefidsuiQiberasidtablealigands (i nnap dec ed
to chanber 82, and introducing light from photolytic sources as
descri bed herampioyechindheingse.gi, phofsiabde dighndsy ipbaietiticdily oeighsaienligandg4
in conjunction with a high performance canera (e.g., a Panasonic
nodel GP- KR2 2mholdtiseallyamohangeable, igRadsk oHpbelelyteadsensitiverigapds, meaning

M ddl et own, NY) (not shown) coupled to a standard term nal display
(not shown), tBeseothiaém@resipboioivtically Seleasabie ahd/at exthanasabie domihenparant | n
the instant enbodi nent, vessel 12 is configured with ports 86 for

i ntroduci ng cIreeuwsRIvatnyariaugi aveiangthsc Hansiim gPa) utheise preeurerai fees
thereto. Seals 60 effect a pressure and tenperature seal in vessel 12
prior to or fWNﬁRﬁeﬁ)g'si%%qf@g‘H@fﬂti raetalgpn in fhed+tberddation state  Synthesis and
Feedt hroughs 46 and 54 in bottom vessel section 72 provide entry

poi nts for cdlSrisiy of eegi cARPoNAEs dy delaledns Jox Py iidarweld ajedsdl. af.

[ 0085] Depositjon chanber 82 wi || now_be further described with
reference to ®garometafio§derr =G/ (395 d<e9rlsBendingydemities ansasialed viihof
deposition chanber 82 internal to vessel 12 for selectively

deposi ti ng meYEPPEitadieny! s (ipgs, s )indesyly polysyelice fwdiosaibore By taniale®,
sub-surfaces,, two-di nensi onal surfaces, three- W )
2008/ 024750 PEANFIGO7) PRPIBES A rserNoRenser Py ek npalied clcirpr mgilable
conpl ex surfaces ée.g._, voi ds, tunnels) of a substrate éﬁe.g., a

seni conduct or" $1R58SPEE'EY IvIRGHELP hgth eposdivntivarand b fibepded eampausds.

i nvention. Chanber 82 includes a heating stage 38 (e.g., a 25 mm

gr aphi t e- bas %l cxFierRantadieny (epitrisgs ang 'mhaé)dpmglm fdrocarbons can
Strongsvil | e,@%—% mounted to ceranmi c staging posts (stand-offs) 88
(GE Advanced ' nFURPISE: YRy \ubpiuentif-orqupst 198 ivisredast in [51 and (6]
configurati or]_@ stalc:;e 38 includes a heating source 40, e.g., a

gr aphi te heat fealiSke with a resistive heater element for heati ng
substrate 42 positioned on stage 38, including surfaces thereof, but
is not limted thereto. Al heating sources as will be known by those
of skill in the art may be adapted for use herewith and are thus fall
wi thin the scope of the disclosure. Substrate 42 is optionally held
in place on stage 38 by, e.g., a holding clip 43 or other hol ding
means, but is not |imted. [0087] Tenperature control (e.g., cooling
and/ or heating) of chanmber 82 is achieved using a plurality of
operational nodes and devices as will be understood by those of skill
in the art. Devices for tenperature control include, but are not
limted to, e.g., chillers, refrigeration units, tenperature
controllers, heat exchangers, and |i ke devices and systens. No
limtations are intended. In one non-limting enbodi nent, chanber 82
of vessel 12 is configured with heat exchanger (cooling) coils 44
that couple to cooling source 32 via feedthrough 54 in bottom vessel
section 72, providing tenperature control to fluid(s) and substrates
i ntroduced to chanber 82 of vessel 12. Heat exchanger coils are nade,
e.g., of 1/8 inch OD. stainless-steel tubing. Vessel 12 may be
operated in cold-wall deposition node ilg conjunction wth heat



WD 2008/ 024750PCT/ US2007/ 076386 i nvention or for post-processing
collection of waste materials and chem cal constituents as woul d be
performed o higaexent ed by those of skill in the art agEabdioRsskde
scope of the invention and enconpassed hereby. No limtations are

i ntended. [0089] Deposition of tantalumnetal films to surfaces and
substrates wll now be further described. Deposition of Tantal um (Ta)
Metal Filns [0090] 1 n one enbodi nent, a | ow val ence state tantal um
(Ta) metal precur9RE, (Rn) Ta(Q0)4, is nmixed intdRa seR%act ed sol vent
fluid (e.g., C®) fdrni/ng a precursor sol utppon. The deposition

surface of the subst Bpequent |y exp@s e_[mecur sga]
%)
I

S
solution at |iquid, -cri%tical (sub-critical uper%ri tical
conditions for t tion, at a tenperaturp -€qual o or exceeding
t he deconposition, neltp or dissociation terrpér %:re for the
precursor. Tantalum (Ta 3vetal ions released fr tthpr ecursor are
subsequent|ly deposited to the deposition surface as a tantalum (i.e.,
Ta) netal fijooys)A redusieNB, thEsL@BIR, repredent iRy dF aigfereht Rgrouds! RAie@s:,
e.g., as described by Watkins (US Patent 6,689,700 Bl) to induce the
reducti on ofindladd, @ldirBraminat-chih eaitht-Eign dnberdm sisus stitudrds. tThese of
deposition surface and/or to the substrate. Hydrogen gas al so serves
to prevent wkieisi thecrowild@tognize hat humedus landtyagious shémnitalegroass amnt |
hydrogen is present at a stoichionetric excess in the m xed solution,
but is not Iduithbledort iner & B-group functidmealities rdpottliz en} rindsCadTaf)Gidlyodelic
anot her | ow val ence state (Ta) netal precursor is enployed. Using the
| ow val ence hyxratatboos At BigeoupEegs witthalknowDor selected by those of skill in the
2008/ 024750PCT/ US2007/ 076386 precursors, e.g., InTa(C0)4 or
CpTa(C0) 4, paut erayTied used abk 1bnd s sohubilibe ofl dpopiccedonis magidisdd at theor
deposition surface, e.g., on blanket organosilica glass (0OSG
subst rat es tsgfsctal sofvestnNoofioifstions aeef entendgrtl @Hi psscursorss uralvinges and
| ayers conprised of the sane, or other surfaces and | ayers including,
e.g., netal degpmacstioramdelt, ayereleas@temperaturd sapplidableetcakhe fapdcatios or
deposited, other process steps known in the art may be coupl ed
Wi t hout | i mimanufamuringcpracissgpf indergst anghsmbedlilityip the selectadnsniveat (iayde
solution at suitable pressure to form TaN guseful as a diffusion
barrier). | rHsgdhrarméinmenlentive depasiiionhrejal fiimsntolsugfesescand/an sabkiratesa
seed | ayer or be used to formbinary or higher order (e.g., ternary,
quat er nary, QRHatwige range)of|temesralyres angscandlipns. skadleot Jiste tyo exerpplatys
such as Ru(0) or Cu(0), as described further herein. No |imtations
are i nt ended@ntrlm RIREYFHPTE tesigd in wapiBRgtian &ith s inventican and/ or
processing steps as will be contenplated by those of skill in the art
in view of the present disclosure are within the scope of the
i nvention. [0091] Deconposition of nmetal precursors effecting
deposition of tantalum

20



metal filns to a deposition surface and/or substrate will now be
described. [1] Thermal Rel ease for Deposition of Tantal um Fil ns

[0092] I n oR® REdARgisgeNt, rel ease of tantal um netal ionspdi@ndRRg:8 UM
precursors qaulE PethdiRarbéconpostibeTemperatipssrel fp Tantahon Peutsonnn W t h
a heat source(s). Heat source(s) include, but are not limted to,
e.g., infrd-Tehgobliee(S)| CONVerktweorsour ce([s) DecompssiitoniRelease

(resistive) sourgrfs), ultrasonic source(s), [mecharfeelersarerce(s),
chem cal squrce(s), fluidjsource(s), and the |ike, and@Cpnbi nati ons
thereof . Hgat soufrges provi de hemfTapeopssary ffor deconpesition, WO
2008/ 02475QPCT/ US2007/ 076386 nelting, dr disspciation of the tantal um

net al precyrsors—t-hereby--achievi-ng—release—of+—tantattggrretal—+onsqt o
sol ution. Heat soJFce(s) 1urtheilc‘§-|r%(;9loae tenperature l‘rsﬂﬁgbl e for

deposition |of netal filns/at a deposition surfface(s) or substrate
si tuat ed i n *tShethesided exhohtainediomdirofessohThomes Bilanwolf et the Biiveysity ohldgfive
i1 lustrative (Matvodi Pbiin) = ldenyt raficrclin Byrdcagors {&R) &, Cyaler¥adisey nair t her

her ei nbel ow, (RAVT FRPAYHEEI%St i ve heating el ement (e.qg., wire) i
cpl Oyed 5. SOHB B EHCAYSHRE EH PHGRCL.Agat PLo Uit B! Fipt i
a pressuri zedMPEEWS | ;)" operable for nounting substrates (e.g.,

sem conduct or substrates) thereto and for heating of the sane. In

al ternate egﬁg@%ﬂmt Predior BEALenBINS oG8 fhefiPA Shi ARt RElsale

d
substrate or~adjacent T0 a subStrate o ove a substrate thereby
generat i ng_ Sl LAl e HEIRBHAWSIAL bledfieliet deposition sur face,
e.g., at the surface of a substrate, or suitable tenperature
gradients vertically through a substrate, or at selected depths of a

nmul tilayered or conposite sp, sﬁt?&d?sméégférﬁwfﬂx?QOSi tion at surfaces

therein, e.g., as detailed 1n pending U'S. application 111096, 346
i ncorporated herein in its entirety. [0093]As will be recognized by
those of skill in the art, the invention is not limted to

chem stries peayl ti NGk QB MRBER dtisRioR Ne¥ndefatre! B SGthSRAErd Natt
rel ease deposition materials in response to tenperatures). In

particular, &9§Mp9§t%3 () a8 384 hERIEASSEH HECBhDEFNGE AWRidAl tBRtalum is,
controlled and/or influenced by such factors as pressure, catalysis,

concentrat i Qleaded Rsm tife Betal PleclR6CHTIOBHNABe e HAFIOR} depdtitiont her
associ ated parameters including, e.g., kinetics, diffusion,

t her mody namy@@iherNthy helidhidsemeRt, GREBEIBRIN, ONBeltifer e@dcomiplexattih, t ign,
control of concentration as a deposition paraneter has inplications

for selecti\gecenpestdni @ Bk yaicuRYs Safedd abmpéldfurdld,at€of. abov@Piber Of
sem conductor chip substrates and/or fabrication of devices

construct ed dedémhpsetionF @i Rxainel 6 tHeaptebaebiu hiyobe temipYoyeQor effecting
2008/ 024750PCT/ US2007/ 076386 devi ces i ncluding, e.g., advanced

m cr o- el ect rdeposedrash metal Sis! BINFariduRIBIurEts Whips ftares i@ ktlected in the
cantilevers, fans, and other simlar nmechanical devices on a
substrat e caanden¥oinyhesad@aiposiebry tdrepaaturg (K los tifialselcb@t egre@lirés) to
(e.g., 3-dinensionally) and selectively depositing other material (s)
(e.g., refildbooighod aC. Mze padivaeriyidepogitonctsfsesienfpetdnaep aasssMcted in
invention. Al processes, nodalities, and/or paraneters generating
condi ti ons <She trafdee frbor thee Hewmimpositide despératne ¢Tg)nat ayduhl 400t @C. Most
substrates and/or surfaces as will be contenplated or instituted by
t hose of skiparticularly,hdepasition auraceviemperbivecspare ssefectedi is dheo samge fianethe
within the scope of the present invention. No limtations are hereby
i nt ended. decompositinzgmperatuné (i) © dRelie3seCt or Deposi tion of Tantal um
Films [0094] 1 n anot her enbodi nent, deconposition of the netal
precursor nmay
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be effected, or further controlled, photolytically in conjunction
with photolytic sources at suitable wavel engths for the intended

phot ol yt i cwapbdeaishon, as will be understood by those lng,@ggbd7y07g3@6

the art. Pho ic s bPtHos@ P siIPin thi ! tuR &.
visible (V Sgdasg]fjr ce(%lmﬁl%t ?%#%etp U;S/) sgur ce(s), ul tﬁreg‘?u 2

viol et/visi b+€po§|w.4 YiRlceSA4Y B@@ﬁéctedﬂn%a‘ﬁb@é’ﬁn@ QRETRAE SWays lids®iing, but
source(s), flash- laser source(s), infra-red (IR) source(s),

radi of requenﬁa{ el 1808 gC ekt hédigtdiecoblingEof andreeutd) aadiorofibstrate;
thereof. No limtations are intended. At suitable wavel engt hs,

l'igands of andiiRg Wr <RIikABf Bests®) BF blatelny wﬁﬁ@ht@étomm yt duerabe(y) Badroved,
e.g., as detailed by Bitterwolf et al. (in J. of Oganonetallic

Chem , 557 (é&%ﬁéteme&mg oFQ;bom\ggapbeflu@h@td@hw&i withf a uEaLH(S) BAd/Or
det ai I ed herein, i.e )4] and/or [(In)Ta(C0)4] can result

in renoval 0§ub§ﬁ§teaﬁ%m?forfob@|mgocﬁ% §dutioRr (€, pletlirsbi gauntibs) sehteiangweel y.
Wavel engt hs sel ected wi depend in part WO

2008/ 024750R¢8L4/820R 6bREBCSHIth QRutdR (s ehert sthstra@andtambinations tikassfe

maxi ma fromthe selected |ight source
No limitations are intended. For example, temperatures of a stage or platform in
contact with a deposition surface(s) andfor substrate may be selected (e.g., via
cooling and/or heating) in the range from about 100 °C to about 1500 °C. More
particularly, temperatures may be selected in the range from about 25 °C to
about 600 °C,
[0079] Further, temperature and pressure conditions for the deposition
chamber will further depend on the solvent and reagent choices employed as will
be understood by the person of skill in the art. No limitations are intended. For
example, pressures may further be manipulated within a deposition chamber or
vessel for effecting conditions suitable for solvents and/or solutions employed
therein. In particular, pressures are selected in the range from about 1 psi
(0.068 atm) to about 20,000 psi (1361 atm). More particularly, pressures are
selected in the range from about 500 psi (34 atm) to about 5000 psi (340 atm).
Most particularly, pressures are selected in the range from about 2000 psi (136
atm) to about 3000 bsi (204 atm). No limitations are intended.
[0080] All mechanisms and methods contemplated by those of skill in the

art for controlling temperatures of a deposition surface to effect deposition at a

deposition surface are within the scope of the invention encompassed hereby.
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(UWV-VIS, IR etc.) for ligands enployed, and the frequency range of
interest, as will be understood by those of skill in the photolytic
art. I'n gepgabso2y@dyel engths are sel ected that maxi m zedd&a007/076386
absorbance of the ligand of choice in the frequency range of Interest
providing sufficient energy to the ligand to excite it, energetically
remove it fromthe precur ols via photolytic
and/ or conbi ned thermal/p?@@tggﬁr{]%érg%%sﬁ)%g@g?ﬁtgﬁ#& ternatively, a

| i ght source can be used to effect deconposition of the precursor,
effecting release of the netal fromthe precursor. Thus, controlled
rel ease of a tit t. : i . ge)y 0|
controll ed d[aog)gifti on' on" r‘é%éégggttlgﬁtegjﬁ S )Sggtéorgé@%gé’ ?E? gcéa.yerls'n
one illustratjv i [,-OLk 0, i Ibfe@ it §ihbamp
posi 1 oned ortTSaiR (EGi Y ghBrP PRisCns) 8 e BBl

whi ch | ght topGoesb i L i ¢ | SHefcatidh 4 1/605 §4d)esd | ng
deconposi ti oéné’i%ght %e%%n%%sc%%éﬁfg%@l@ﬁ%ﬁhﬁggg%gﬂ% rhll{ease 'an&'

e O el ATLALUZERER A hind B8 (BYL LB P 1B Grutier fimg

wavel engt hs an t sources as w | e selected by those of skil

in the art i i sd.he, di sg Ur@e THalgn sy C h
i nventi on. [%]d/é“‘?ﬁll@?%'é ' P?ig't' o?lbtgri@b tgﬁ%w‘\a'hé\?&ng}@%:agdgze&f?ﬁ?&%gio?ﬂi on

of Tant al um &/ced QAREHID B RLEsC PRSIy 1BPARRLY T, So TRmbigatised

synergistically wth thernal release of the precursor neta

via thermal decapROSHAL bN&E, 6MRe TR, 3hd REBBIHaES) thEREE T EQekample, in

previously herein. At sultable wavel'engths, for exanple, photolysis

of one or MOyRiAE eABBGiddnts, tdrlRNdSirhs ara bd)RsiR] Gh si¥RGIE:SENd dTRthces
reduce thermal deconpositionh tenperatures needed for rel ease of netal

WO 2008/ 02472084dd HorOMé/ JEG38P cbRiffies (4., FERIBI®), nidh¢ §dY., raduaing

process requirenents for deposition of a netal filmto a surface or

substrate aspQgipar(ed.t ostheid@hesleandmombinafdhsatherer, dutlis hbelifRed
Rel ease and Photol ytic Substitution via Photolytic Agent for

Deposi ti on ofnefttd)iRbhéTembbdimehHSOI0aA fiiGier ABRIM altarADeCiIfEN§epdshed | €
| igands (L) of a netal precursor can be renoved thermally and/or

phot ol yti cal &1y aatsubstrdt@bdotnpiies! FNOLIES, copper Phiobydseqadrily @epBretped
or substituted at suitable wavel engths subsequently with . secondary
| i gand(s) orgerebatés salbsdridryetdriggsite € cOmpristidt lvf eOSE RSP UNAT iadbihkr
groups, whether pre-, in-, or post-process. Ligands (L) suitable for
exchange ar eembddiment] aetinarli @apdsiteTaymprises edfeatteitint filendepusited on an
photol ytically-rel easabl e, photol ytically-exchangeabl e, or

phot ol yt i cal lindesiging isubsteate loh XSG withi gy alifitision J@jee cbi@rncom prised expengiCat

| east in part on deposition conditions sought for the process or

appl i cati on cenamict glemaratdsora etealigny e OSE/BICIT=8 orconpgsiied s Ine xydt amgettier
photolytically can provide different rel ease tenperatures for the

t ant al um beagmbegiperc i bmary pooposiensinaeture db dabrinatedoby atepbsitdn af Dot h
rel ease and subsequent deposition of the netal filmto a selected
surface(s) atadiabm dilnh 0 raat @SCGPhdIsthipsi.e., 8GR atni Taisl § geftbettr otybar
conditions and/or processing paraneters. Various and different

met hodol ogi egreagnt\i he QRG.c acaepeiuedca XiSoanafysiscinpee thebgonposie iscf
skill in the art (see, e.g., Linehan, et al., J. Am Chem Soc. 1998,
120, 5826- 58gmcture coingiisasf oft BRGias@d tal(lleOa r@hemvultiegersenpositeshgnd No
limtations are intended. [0097] Photolytic processing of figands can
t hus be expegiustiresare fkepisengghigvablel as fdgtaifed iherein, re.ait QSEHBUTaICWays:
(1) predispose netal precursors to undergo thermal deconposition

| eadi ng to nBEERYYTa% dOFERTT@YCUSr QO3P/RrOer/Be:f cPSEIRIYBIYGU°c I

removal of one or nore |igands and exchange or substitution with
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WD 2008/ 024750PCT/ US2007/ 076386 one or nore secondary |igands or
substituents, providing, e.g., different thermal and/or processing

requi rerrenW@z()@mﬁﬁbﬂl ovver tenperatures) for netal fil mgeapasidinsdise

[0098] The I nyzREd, O%rwu mm&) ecdriidsiey af@ TeRGler patesin kismipekieisenae t o
the foll ow ng exanpl es. LES [0099] The fol |l owi ng exanpl es are

i ntended to tFHeﬂrFQM‘cafédf|Hrcbhj@ﬁctléﬂdﬁfhsc!épegnmoptfantémoﬁltﬁy énh@fnveatinal um
nmetal filnms to various surfaces and substrates, in accordance with

the inventiqg. vaﬁ&@?@h@strjaté%eérﬁi k@fe&@@eﬂeéultgqmﬂiefrld%ﬁﬁanéﬁte degtosrtién on of
tant al um net al Ims to a surface(s) and/or substrate. Exanples 2-4

detai | eXperdéE%Qh&w A PRI MAIHE PP ST 1E)ePsY, Gindlon Miedl L BornBdstt i$ nbiTs
to various substrates yielding binary, tertiary, and higher-order

| ayered compsicdeshetR&adBposition EsmaiutdaasfigXBagiriomiing! Igpsrom atcomipbsite
deposi tion of tantalumnetal filnms on substrates having conpl ex

feature patt@siiSectuls. Thus, hoBRmBRshs drxmEpled.6 details preparation of a
mul til ayered conposite in accordance with the invention conprising a

ceram c Coatgﬂl Subst redogesting o rilliltilhyy ebmpwditel nidyl fartheéAdildherhical or
Deposition of Tantalum Metal Filnms (Ceneral) [00100] Exanple 1 details

general condtysieals plephratieP @ isubstrated ah@dk alifwoessdrablifd bdbedan stifffeaces
and substrates. In a typical test, a OSG substrate conprising of a

silicon (Si )mmfmmscmommad(aswaaaebomdp@snmurp‘ramsuhgymps(ra:ngnng aut 200

nm) of organosilane glass (OSG) is secured to a ceram c heating stage

in not limited to, e.g., additional chemical reactions and/or depositions in
pressurized systems, thermal annealing, evacuation processing (CVD, PVD,
ALD), andfor removal of unwanted reaction products to ensure desired film
characteristics. For example, equipment, systems, and processes disclosed in
pending U.8. patent applications (10/783,249, 11/149,712, 11/210,546) may
likewise be combined providing for mixing of process fluids, and processing of
substrates). Other like and/or associated processes and systems may likewise

be coupled as will be understood and implemented by those of skill in the art in

view of the disclosure. No limitations are intended.
System for Selective Deposition of Tantalum

[0083] FIG. 1 illustrates 2 systemn 10 of a simple bench-scale design,
according to an embodiment of the invention, for deposition of tantalum metal
films. System 10 comprises a deposition vessel or reaction chamber 12 of a high

pressure design for containing solvent fluids, reagents, mixed precursor
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WO 2008/ 024750PCT/ US2007/ 076386 a hi gh pressure vessel described
previously herein, but is not limted thereto. The deposition chanber
of the i ns{yayhodt293gPressure test vessel holds -80-90 rgerdddidorsiss
vol une, but shi@siesand ohdlffRsinfddiced therétol Vexde! T2 Badapied foomusingrantii ons
in solution are also not limted, and nay be dilute or concentrated

to the poi ntheafingat subdtrbtes intrdudedl heleechathgalrfaead whi@on @ikpositidnygfi cal
operation, the high pressure vessel was pressurized with 100 psi

(6.80 atn) hystaogar i@nd de efledtat. Alespélets gowplas oftkdaIp s a(Sbedb flaitin)

wi th carbon dioxide (COQ2) and operated in either cold-wall deposition
nmode or hot -ssatde TERASR) liirahighydety @0,, dedcan didnhleregent soldse Mg, eq.,- 80
ng of solid tantalum netal precursor was prem xed in -30 nL CO2

sol vent fl uiHydeiggn S(EOEEL]. Selvariat aridy rezgeat fitidede.gr, eCOf wod HHl may be.
Typi cal concentrations of the m xed netal precursor in the selected
sol vent rangeettrested) t@abmmtov2. BhpuiMids) oxiuiiniig Epécied) adudr axygemoe.g., in
limted. The m xed precursor solution was injected into the

sol vent - charagajgndepositt spatifichfiteiseor ¢acteidbgs Gomt SxpiTrap tdrgidged) Allkarhe
and heated in conjunction with a heating stage. Stage tenperatures
wer e in the Assogetesrioen Beeritld ID0UEAY dPredsord isPBIra&nmad lané mamgaiaed in
solution tenperature of about 120 C and effecting rel ease of tantalum
and deposi t isysteof 16 andnteabeim2resiad, 4.9 @ feed thuops 48 flage amodabséd-Bt e.
Surface or substrate contact tine with the precursor solution in the
chanmber was raibgtocgssvirgantadied beirings pusep.| iSE@ eliic., Conedin.i i iar duid
presented in Table 2. WD 2008/ 024750PCT/ US2007/ 076386 TABLE 2.

Precur sors aedneaipamitbrsotvenidiiuid spigce d4. trelhednstadsysiem;, spmadnemaereal

films on substrates. Precursor Substrate Sol vent Fluid Stage (O
Precur sor Sdlpgtatively linked via 0.020-0.030 inch I.D. and 1/16 -inch O.D. high-pressure

liquid chromatography (HPLC) transfer line{s) 20 composed of a high-strength
polymer (e.g., PEEK™, Upchurch Scientific Inc., Whidbey [sland, WA) or
stainless steel tubing, but is not limited thereto. Solvent fluid is introduced to
vessel 12 via standard valve 22 (e.g., a model 15-11AF1 two-way straight valve
or a model 15-15AF1 three-way/two-stem connection valve, High Pressure
Equipment Co., Erie, PA, or other appropriate valve) from transfer line 20 leading
from pump 18 to vessel 12. Reagents are introduced to vessel 12 from reagent
source 16 through another standard valve 22 (e.g., a model 15-11AF1 two-way
straight vailve, High Pressure Equipment Co., Erie, PA). Solvents, reagents,
precursors, and/or fluids may be mixed optionally in a premixing cell 36 prior to
introduction to vessel 12. A standard pressure gauge 24 (e.g., a Bourdon tube-
type Heise gauge, Dresser, Inc., Addison, TX) is connected to vessel 12 for

measuring pressure in system 10, but is not limited thereto. Vessel 12 is suitably

25



(C© H2 (psi) (81)Ta(C0)4 OSG CO2 -350 -120 100 * organosil ane gl ass
(OSG). [00102] Factors governing thickness of the tantalumnetal filns

deposi t ed %ﬁbhrﬂfzgggs and substrates include, but are nQliyrdidaid7596ssé O
e.g., surf acgengg;odéog PR Al HEBERFRL 8 andi @ SirRAl GAE 22f fikd O

in solution ont act tinme w precursor.

Post - processbé}g VS?&E‘/IW/Q&%I ?f'isoi?lgéﬁr)sé E%H_F[}E?résr eggﬂdaéﬁélﬁg %'(@% a

Scanni ng El eC crosco ransm ssi on ect

S ShooEnpY ol (BAAEY SliefRO | AR PREUA By trﬁvesauaéﬁéi BA} 09

X-ray Phot oe ron pectros opy e tantalum Ta)

filns deposi @rrg e&mgto@gr-ﬁgg%@%&f of VAEsdPFS GOURPRS isS 4y B 1 S

partially conprise consequence of exposure to

oxygen-rich (s %Lr%s%@@rtﬁé%uh@tsas&%% aﬁ&pemga dﬁ&f&c&f t¢ msss@ i I m

during sanpl & storage, presence of oxidizing species in
the depositi Qﬁsséphgqgtfunﬁ’g?'lﬁf?em cQ&lnﬁlé it deas £ e Wi tahcﬁ’@?ﬁa?oﬁttfa'tm%m
handl i ng of e substrate filnms or w I mproved purit

sol vent . EW@dﬂﬁg%n&BFmt&h@aﬁ% (@ Rl Rl meggefhbewmg&awr@ef

yi el ding Binary,”Ternary, er or ayer ed Conposi
vessel 12 is displayed by standard thermocouple temperature display(s) 34 or
like device. The person of skill lin the art will recognize that equipment and
components can be appropriately configured and scaled to address specific
commercial  applications, industrial requirements, processes, and/or
manufacturing purposes without deviating from the spirit and scope of the
invention. For example, fabrication and/or processing of commercial {e.g., 300
mm diameter) semiconductor wafers and electronic substrates may incorporate
various transfer systems and devices, reagent delivery systems, spraying
equipment and/or devices, pressurization chambers, evacuation chambers,
and/or other allied processing systems, devices, and/or equipment components,
e.g., computer systems for process integration and control. Description of the
instant bench-scale system is not intended to be limiting. All equipment,
components, and devices as will he contemplated for use by those of skill in the
art in view of the disclosure are within the scope of the disclosure. Vessel 12 will
now be further described with reference to FIG. 2.
[0G84] FIG. 2illustrates a vertical cross-sectional view of deposition vessel

{or reaction chamber) 12, according to an embodiment of the invention. Vessel

12 comprises a top vessel section 70, a bottom vessel section 72, and a center
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[ 00103] Exanpl e 2 details deposition of tantalumnetal filns to
vari ous substrates yielding binary, ternary, and higher-order |ayered
conmposi t eswo 2063/B3928/ 024750PCT/ US2007/ 076386 [ 00104] | n weviid2867/076386

experiment, yasdl sécliph 74 WRichined ot avaindiohensal, ¥.¢.a@oeh! Serss 70ETHN ed
as follows. Atantalumnetal filmwas deposited in accordance with

the inventi @Adt7s dRe®@B56ASEd ARG laadenosiiiblchambeit B2tsealedi hgahigh
tantal um netal precursor [(In)Ta( CD)4 I ntroduced to a carbon di oxi de

sol vent fl UipfessGrRNEEKINPNSMBEETS (6§.8 spi-rihgebeerSlanABlalr |3struitedt Cosor s

and solution conditions for deposition of Tantalumnmetal filns on

substrat es. MYligeUNHROK, SBRAS tHahesunfsodvee BEcuBhagien Potions 38 madAinét Heto
each of top 70, bottom 72, and center 74 vessel sections, respectively, effecting
a pressure and temperature seal in vessel 12. Clamp(s) 76 is secured via locking
ring 80 positioned about the perimeter of clamp(s) 76. A window 84 (comprised,
e.g., of a sapphire crystal, Crystal Systems Inc., Salem, MA 01970) is optionally
positioned in top vessel section 70 for observing phase and mixing behavior of
fluids and reagents iniroduced to chamber 82, and introducing light from
photolytic sources as described herein. Chamber 82 is optionally viewed through
window 84 in conjunction with a high performance camera (e.g., a Panasonic
model GP-KR222 Color CCD camera, Rock House Products Group, Middletown,
NY) (not shown) coupled to a standard terminal display (not shown), or other
viewing system. No limitations are intended. In the instant embodiment, vessel
12 is configured with ports 86 for introducing or removing fluids from chamber
82, but is not limited thereto. Seals 60 effect a pressure and temperature seal in
vessel 12 prior to or following introduction of fluid constituents. Feedthroughs 46
and 54 in bottom vessel section 72 provide entry points for coupling of devices

and/or systems external to vessel 12.

[0085] Deposition chamber 82 will now be further described with reference
to FIG. 3.
[0086] FIG. 3 presents a cross-sectional view of deposition chamber 82

internal to vessel 12 for selectively depositing materials to surface(s), e.g.,

pattern feature surfaces, sub-surfaces, two-dimensional surfaces, three-
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Fluid (C) Solution (psi) Reagent AA (*O (I'n) Ta(C0)4 OSG

WO 2008/024750 _ PCT/US2007/076386
dimensional surfaces, andfor other complex surfaces (e.g., voids, tunnels) of a

substrate (e.g., a semiconductor substrate), according to another embodiment of
the invention. Chamber 82 includes a heating stage 38 (e.g., @ 25 mm graphite-
base Boralectric™ heater, GE Advanced Ceramics, Strongsville, OH) mounted to
ceramic staging posts (stand-offs) 88 (GE Advanced Ceramics, Strongsville,
OH). In the instant configuration, stage 38 includes a heating source 40, e.g., a
graphite heater core with a resistive heater element for heating substrate 42
positioned on stage 38, including surfaces thereof, but is not limited thereto. All
heating sources as will be known by those of skill in the art may be adapted for
use herewith and are thus fall within the scope of the disclosure. Substrate 42 is
optionally held in place on stage 38 by, e.g., a holding clip 43 or other holding
means, but is not limited.

[0087] Temperature control {e.g., cooling and/or heating) of chamber 82 is
achieved using a plurality of operational modes and devices as will be
understood by those of skill in the art. Devices for temperature control include,
but are not limited to, e.g., chillers, refrigeration units, temperature controllers,
heat exchangers, and like devices and systems. No limitations are intended. In
one non-limiting embodiment, chamber 82 of vessel 12 is configured with heat
exchanger (cooling) coils 44 that couple to cooling source 32 via feedthrough 54
in bottom vessel section 72, providing temperature control to fluid(s) and
substrates introduced to chamber 82 of vessel 12. Heat exchanger coils are
made, e.g., of 1/8 inch O.D. stainless-steel tubing. Vessel 12 may be operated in
cold-wall deposition mode in conjunction with heat exchanger coils 44, or
alternatively in hot-wall deposition mode without heat exchanger coils operating

or without a heat exchanger. Current source 30 for heating stage 38 (e.g., a 0-
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WO 2008/024750 PCT/US2007/076386
400 VAC variable (variac) transformer, ISE, Inc., Cleveland, OH) links to stage

38 via wiring 48 electrically connected through feedthrough 48 in bottom vessel
section 72, but is not limited thereto. Thermocouples (not showny), e.g., Type-K
thermocouples (Omega, Engineering, Stamford, CT) are positioned to measure
temperatures in vessel 12, e.g., of heating stage 38, of substrate 42, and/or of
solvent fluid 59 (and reagents soluble therein), linking electrically to temperature
display devices 34 external to vessel 12 via thermocouple wiring 52 electrically
connected through feedthroughs 46, but is not restricted thereto.

[0088] Additional components, devices, and instruments may be
employed andfor coupled without reservation, e.g., for data
collection/measurement, process control, or other requirements. In addition,
equipment including, but not limited to, e.g., cooling andfor heating systems,
deposition vessels, reaction chambers, vacuum chambers, fluid and/or reagent
mixing systems and vessels, fransfer systems and devices, computer interfaces,
and robotic systems/equipment as will be implemented by the person of skill in
the art may be used without limitation. In particular, those of skill in the art will
appreciate that combining, intermixing, andfor applying various fluids,
precursors, and/or reagents as described herein may be practiced in various and
alternate ways. For example, application of the methods described herein on a
commercial scale may comprise use of high-pressure pumps and pumping
systems, various andfor multiple chambers, e.g., evacuation and/or
pressurization chambers, and/or systems for rinsing and/or deposition,
transferring, moving, transporting, combining, mixing, delivering and/or applying
various fluid(s), solvent(s), reagent(s), and/or precursor(s). Associated

application and/or processing steps for utilizing the methods of the present
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Acet one organosi |l ane glass (0OSG. Constituents listed L to R
begi nning frominnernost |ayers or surfaces to outernost |ayers o
surfaces owol-liguRgtra e. M Acetone not required if sqcianbodlodsss
suf fici ent} yoamlisth R FoPfhosireéesting dofedlion S2Nvastpepbtetals and chemical
[ 00105] Deposition of the tantalumnetal filmto the OSG substrate was
fol I owed by dpaasdriid a8 wolldt Hepéestkl ioh gnpleehtedtty thbsecof, skISEY thEBrtTa)
of a rutheniumlayer, deposited using a "rutheni um deposition"
(CFD- Ru) pr ofesshnte BESSUI65AE iflehiin &l eftoppasidtichdetsy. Ratimitttions
application (11/096,346), incorporated herein, yielding a bi-Ilayer
metal film (LEPidre@FD- Ru) and tertiary (OSGE CFD- Ta/ CFD- Ru)
conposite. XPS analysis confirnmed the presence of distinct film
| ayers of bopbsdjant alpepokifian oftdtdiuth hesaiLimng Ry sumeiealand isubdteatsunfllace
of the OSG substrate. [00106] I n another experinent, a different
bi -1 ayer nmetrw fd furméeitdstiiedi ary conposite was prepared as follows. A
rutheniumfilmlayer was first deposited via CFD, as detailed in
Exanpl e 2 above, to an OSG substrate. A tantalumnetal filmwas then
deposited in accordance with the invention to the resulting WO
2008/ 024750PCT/ US2007/ 07 &@P6sitionpd Fahtalm (Fa) MeB8®ilkug usi ng a m xed
precursor solution [(In)Ta(C0)4] introduced to a carbon di oxide
solvent fluid, yielding a bi-layer nmetal film (CFD-Rt. P/ CFD-Ta) and
tertiary (OSGE CFD- Ru/ CFD-Ta) conposite. Finally, an additional CFD
rut heni um | apes0iwas depos eadodiyieet, da gwavalehceastete tastadm f (Teimreatd
mul tilayer (OSE CFD- Ru/ CFD- Ta/ CFD- Ru) conposite, as evidenced by XPS
anal ysi s. Camedur$anin)aa€q) d¢ adkedrintPabsaiected silyntfluiddegrn CEahfroinges
may be prepared simlarly. '

a precursor solution. The deposition surface of the subsirate is subsequently

exposed to the precursor solution at liquid, near-critical (sub-critical), or
supercritical conditions for the solution, at a temperature equal to or exceeding
the decomposition, melt, or dissociation temperature for the precursor. Tantalum
(Ta) metal ions released from the precursor are subsequently deposited to the
deposition surface as a tantalum (i.e., Ta®) metal film. A reducing reagent (e.g.,
hydrogen) is introduced, e.q., as described by Watkins (US Patent 6,689,700 B1)
to induce the reduction of tantalum metal released from the precursor to the
deposition surface and/or to the substrate. Hydrogen gas also serves to prevent
undesired oxidation reactions. [n the instant embodiment, hydrogen is present at
a stoichiometric excess in the mixed solution, but is not limited thereto. In

another embodiment, (Cp)Ta(CO), another low valence state (Ta) metal

4’

precursor is employed. Using the low valence oxidation state (Ta) metal
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TABLE 4. Precursors and solution conditions for deposition of
Tantalum metal filns on substrates. Precursor Substrate * Sol vent

Fl ui d St ag&o(bisozigeur sor Solution (t) H2 (psi) O her ReaaeRb7A3Bss
Ru3(0) 12 OSrecursors, e.g., InTa(CO), or CpTa(CO),, pure (Ta) metal fims can be

deposited on a substrate or deposition surface, e.g., on blanket organosilica
glass (OSG) substrates typical of semiconductor wafers and chips, or surfaces
and layers comprised of the same, or other surfaces and layers including, e.q.,
metal surfaces and layers. Once the Ta {(0) metal layer is deposited, other
process steps known in the art may be coupled without limitation including, e.g.,

annealing in an ammonia (NH3) solution at suitable pressure to form TaN (useful

as a diffusion barrier). In other embodiments, the Ta(0) film [ayer can used as a
seed layer or be used to form binary or higher order (e.qg., ternary, quaternary,
and the like) layered films comprised of, e.g., metals such as Ru(0) or Cu(0), as
described further herein. No limitations are intended. For example, all materials
fabrication and/or processing steps as will be contemplated by those of skill in
the art in view of the present disclosure are within the scope of the invention.

[0091] Decomposition of metal precursors effecting deposition of tantalum

metal films to a deposition surface and/or substrate will now be described.
[1] Thermal Release for Deposition of Tantalum Films

[0092] In one embodiment, release of tantalum metal ions from tantalum
precursors described herein is effected thermally in conjunction with a heat
source(s}. Heat source(s) include, but are not limited to, e.g., infra-red source(s),
convective source(s), resistance (resistive) source(s), ultrasonic source(s),
mechanical source(s), chemical source(s), fluid source(s), and the like, and

combinations thereof. Heat sources provide heat necessary for decomposition,
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melting, or dissociation of the tantalum metal precursors thereby achieving

release of tantalum metal ions to solution. Heat source(s) further provide
temperatures suitable for deposition of metal films at a deposition surface(s) or
substrate situated in thermal communication with the heat source(s). In one
illustrative embodiment, a ceramic heating stage, described further hereinbelow,
having a resistive heating element (e.g., wire) is employed as a heat source.
The heating stage is mounted, e.g., within a pressurized vessel, operable for
mounting substrates (e.g., semiconductor substrates) thereto and for heating of
the same. In alternate embodiments, the heat source can be positioned below a
substrate or adjacent to a substrate or above a substrate thereby generating
suitable temperature profiles at a deposition surface, e.g., at ‘the surface of a
substrate, or suitable temperature gradients vertically through a substrate, or at
selected depths of a multilayered or composite substrate permitting deposition at
surfaces therein, e.g., as detailed in pending U.S. application 11/096,346
incorporated herein in its entirety.

[0093] As will be recognized by those of skill in the art, the invention is not
limited to chemistries resulting from temperature only (e.g., precursors that
release deposition materials in response to temperatures). In particular, both
deposition and release chemistries are also controlled and/or influenced by such
factors as pressure, catalysis, concentration, rates (e.g., of decomposition and
reaction), and other associated parameters including, e.g., Kinetics, diffusion,
thermodynamics, and the like, or combinations thereof. In addition, control of
concentration as a deposition parameter has implications for selective deposition
of various materials during, e.g., repair of semiconductor chip substrates and/or

fabrication of devices constructed thereon. For example, manufacture of tiny
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CO2 -350 -100 10 1nlL Acetone organosi | ane gl ass (0SG) .
Constituents listed L to R beginning frominnernost |ayers or

surfaces twoodésanim@est | ayers or surfaces on the substr aiEyyaoPeedsane
not requi r edjevices ahol@difig, f & .4i, dadvafdedc meané-klece-mebbarcad fsysterrdi gmergs)
(e.g., 02) species. [00107]In another experinment, a netal bi-Iayer

filmand tergtisfyess empR dahlevrs fans pmdesthassimidn meshankdal sevices on a
rutheniumfil mwas applied to an OSG substrate as detailed in Exanple

2, yielding sapstRRs CaR- Rvovenpekictively Arerrisling nisubstrite r oratevial{gr Vieg..on
the surface indicated successful deposition of ruthenium A tantalum
metal fil m vgginiehsibnaligpaad tseikclivelyndepusitmgcathevi miteribigs)i (evgentefiinglon t he
resulting OSG CFD- Ru conposite using a precursor solution prepared by
m xi ng a tandcabrdandgeeiviah ppocessessairthé preseiliaig@htidh. Alhpoeetses, thodaitids,
solvent fluid as detailed herein, yielding the desired bi-Ilayer netal
fil m ( CFD Ruind/oN(pa28r0 8t 42b4R0T USR0nsS 0 GB86 GFBelkaliveaddpasiion efr y
SG CH RP/ CH: 1- Th conposite. Conditions are listed in Table 5. TABLE
5. Precur sormatanals $w bulistratescoddir tsudasesfasrwitl bp aenterrpiated off satitaled ry
metal filnms on substrates.

those of skill in the art in view of the present disclosure are within the scope of

the present invention. No limitations are hereby intended.
[2] Photolytic Release for Deposition of Tantalum Films

[0094] In another embodiment, decomposition of the metal precursor may
be effected, or further contrcﬂled, photolytically in conjunction with photolytic
sources at suitable wavelengths for the intended photolytic application, as will be
understood by those of skill in the art. Photolytic sources include, but are not
limited to, e.g., visible (VIS) source(s), ultra-violet (UV) source(s), ulira-
violet/visible (UV/VIS) source(s), microwave source(s), laser source(s), flash-
laser source(s), infra-red (IR) source(s), radiofrequency (RF)} source(s), and the
like, and combinations thereof. No limitations are intended. At suitable
wavelengths, ligands of a precursor can be selectively and photolytically
removed, e.g., as detailed by Bitterwolf et al. (in J. of Organometallic Chem., 557
(1998) 77-92). For example, photolysis of precursors detailed herein, i.e.,
[(Cp)Ta(CO)4] andfor [(In)Ta(CO).] can result in removal or exchange of from

one to three (CO) ligands selectively. Wavelengths seiected will depend in part
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on the selected ligand(s), absorbance maxima from the selected light source

(UV-VIS, IR, etc.) for ligands employed, and the frequency range of interest, as
will be understood by those of skill in the photolytic art. In general, wavelengths
are selected that maximize the absorbance of the ligand of choice in the
frequency range of interest providing sufficient energy to the ligand to excite it,
energetically remove it from the precursor or metal complex, e.g., via photolytic
andfor combined thermal/photolytic decomposition. Alternatively, a light source
can be used to effect decomposition of the precursor, effecting release of the
metal from the precursor. Thus, controlled release of a constituent metal can be
achieved, providing for controlled deposition on the selected substrate and/or
surface. In one illustrative configuration, the photolytic source is an arc lamp
positioned orthogonally to the deposition chamber window through which light
from the light source is directed into solution effecting decomposition of the metal
precursor and subsequent release and deposition of tantalum metal to the
surface or substrate. All wavelengths and light sources as will be selected by

those of skill in the art in view of the disclosure are within the scope of the

invention.
[3] Combined Photolytic and Thermal Release
for Deposition of Tantalum Films
[0095] In another embodiment, photolysis may be used synergistically with

thermal release of the precursor metal (i.e., via thermal decomposition of the
metal precursor) described previously herein. At suitable wavelengths, for
example, photolysis of one or more or specific ligands from the metal precursor

may reduce thermal decomposition temperatures needed for release of metal
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ions, for example, thereby reducing process requirements for deposition of a

metal film to a surface or substrate as compared to thermal decomposition alone.

[4] Thermal Release and Photolytic Substitution via Photolytic Agent
for Deposition of Tantalum Films

[0096] In yet another embodiment, facile ligands (L) of a metal precursor
can be removed thermally and/or photolytically at suitable wavelengths, and
photolytically exchanged or substituted at suitable wavelengths subsequently
with.secondary ligand(s) or other substituent(s), e.g., with ethylene functional
groups, whether pre-, in-, or post-process. Ligands (L} suitable for exchange are
not limited. Ligands may be selected from any photolyticaIly-releasaple,
photolytically-exchangeable, or photolytically-sensitive class of ligands. Selection
will depend at least in part on deposition conditions sought for the process or
application undertaken. For example, precursor ligands exchanged photolytically
can provide different release temperatures for the tantalum-bearing precursor,
providing a mechanism for control of both release and subsequent deposition of
the metal film to a selected surface(s) and/or substrate. Photolysis may similarly
effect other conditions and/or processing parameters. Various and different
methodologies as will be contemplated and/or practiced by those of skill in the
art (see, e.g., Linehan, et al., J. Am. Chem. Soc. 1998, 120, 5826-5827) in view
of the disclosure are encompassed hereby. No limitations are intended.

[0097] Photolytic processing of ligands can thus be expected to affect
metal film formation in at least two ways: (1) predispose metal precursors to
undergo thermal decomposition leading to metal film deposition, or (2) provide

for photolytic removal of one or more ligands and exchange or substitution with
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Acetone (In)Ta(C0)4 OSE CFD-Ruu CO2 -350 -130 50 -- " organosil ane
glass (OSG . Constituents listed L to R beginning frominnernost

llayers or werh@sessh0 outernost |ayers or surfaces on thg sdhShidse-
" Acet one nNognd 8OMbleeskcbhdaspligemiab of bubsituenfsf prviivg| ¥.gs aiffepdra dhermal
oxidizing (e.g., 02) species. [00108]FIG 4 1s a plot (count rate vs.
bi ndi ng ener gy/os précbsitE MefdredEtE)(e.g., lower temperatures) for metal film
deposition.
[0098] The invention will now be further demonstrated by reference to the

following examples.

EXAMPLES

[0099] The following examples are intended to promote a further
understanding of deposition of tantalum metal films to various surfaces and
substrates, in accordance with the invention. Example 1 details general
conditions for deposition of tantalum metal films to a surface(s) and/or substrate.
Examples 2-4 detail experiments demonstrating deposition of tantalum metal
films to various substrates yielding binary, tertiary, and higher-order layered
composites. Example 5 describes experiments demonstrating deposition of
tantalum metal films on substrates having complex feature patterns, e.g.,
trenches. Example & details preparation of a multilayered composite in
accordance with the invention comprising a ceramic coated substrate and a
bi-layer metal film.

EXAMPLE 1

Deposition of Tantalum Metal Films

(General)
[00100] Example 1 details general conditions for deposition of tantalum
metal films to surfaces and substrates. In a typical test, a OSG substrate
comprising of a silicon (Si) wafer coupon (as base) and a surface layer (e.g., a

~200 nm) of organosilane glass (OSG) is secured to a ceramic heating stage in
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from XPS anal ysis of the bi-layer netal film (CFD RPCFD- Ta)
conprising a tantalum | ayer deposited in accordance wth the

i nvention @igoRosd2ish heni um | ayer to an OSG substrate (ip@yys2007/076386
OSG CFD- Ruc/ LChigh Titgssups 084sdi Bgschibed privivsly erebsneli tang nof liritel thereto.

i nvention. The XPS scan reviewed the spectrum specific to Ta, thus

show ng t he MraepositicH et 8fthé irRfant BigHprRsUre tedl despel AblaL€80ra0 mLhus,
oxidation state of the tantalumfilmlayer as a function of depth on

the substr atfgid Soliihé,Usilt cRb@Ber VRFhed SreSivoVimited. rbalrsdrr @dvartd)ionssin
present in the film indicating successful deposition to the

substrate sucfutie® areFlaﬁo rot lidité) ek enmnbaldinde Rt Bomdedtratee tohiad pdiat ofm c
concentration vs. sputter tinme) from XPS anal ysis of the bi-Ilayer
metal fil m (sakatidinbftHe skfecteriadpihnsi Ng a tantal um | ayer deposited in
accordance with the invention atop the rutheniumlayer to the OSG
substrate. Atom c conposition of the filmlayers as a function of
depth on the surface of the substrate is illustrated. Here, the peak
maxi num f or [00AR1ITa db dypigal ppﬁrgtﬂqyf thechighppsessure vessel was pressunzed with
2008/ 024750PCT/ US2007/ 076386 preceeds the peak nmaxi num for

rut heni um ( R&P Bt Gr§Q @madver OE%é@fh@@n@?' BIesﬁlFfS of d4pg! é7"0$5 B@Bd‘é'iht i on
steps perforned. %00109 Results show various netal filns, can ge or

sel ect i vel y EHMN digxidg €, ralﬂgc%f’%?teg uBseiNef otwelb RPN, BY
mul tilayer conpo Tantal um o 1a205) al so abserv t he
data sets. ﬁ dffPPﬂ n acllIel A8 , P&lEFe "365’89 cIBs fds? ‘ﬁe

filns resultl

h d d b d

prgyent abl et g'fé@s@ga H%ﬁ?%gr ggt I’%bﬂzléfﬁféie 'ﬁfgﬁﬁ@?ﬁ’t ; tl.ﬂ?ﬁ:t %tlﬁée% fto

i S
e ol ¥ B B R AR bl
Tancal am Fi ITEEAISEHEST I 30, SoVesIEd Payert gt i, Sockb Ay Roghgut 78
oy or | ot o TEEHEL 8f, TRCRARM T3 Jhide e iveh B fu LR the

f d .hi ghe
'tcgéﬁgs:t? 22 HonBES s otﬁmgﬁ‘?'#“ﬁ{f‘f ﬁ%?“hﬁff%é“"eé B %ﬁrag%eniﬁgﬁég M
first exper%r?guﬁ A ‘?ﬁwtal lgeragﬁfl?;%?m S%QF B'QR%IaﬁP% WFfatey'é]r ﬁ'ﬂ)%) r?% was
prepared as jQ l) ¢ t%'%b@f%ﬁ%"%ta ﬁi{aﬁnggasrow \%\ﬂ)e?at IéthI BLYMoBuEt ace

ep n &

by conventi ona sputter ositron ace I

deposi tion vgy Sé#ectll‘((g refease glsgnFYL% BHé de%@lfﬁdn & %HH‘}I h d Hem

was deposited in ac ance w t he in I on en| um

surface usi nggcd %?tﬂbgﬁ%tg‘ats%l'faéy of WuBS at% ((,Jo.'ﬂ g%)escr IstﬁIagtB h&ﬂsor

introduced into a carb I oxl de sol ven I UI erein,

yielding a %TJt[@N‘ﬁIth?%@h’lb@PMQé &%Wes‘c bb{%%ghr‘qﬁi& 'doﬁﬁlﬁ?rlis(mgreg' ’

tertlary) conposite G PVD- Ru D-Ta). Next, a rutheni um

(i. CFDRpredipfeqdrraplized as detail ed in Exanmple 2 as a "cap”

I ayer, preventing oxidation of the tantalumnetal film and yielding
atertiary nmetal film (PVDRuc/ CFD-Ta/ CFD-Ru) and nul til ayer

(OSE PVD- Rue/ CFD- Ta/ CFD- Ru) conposite. Conditions are listed in Table
6. Hi gher order filns and/or conposites nmay be prepared simlarly.
Further, "cap" layers of various thicknesses may be applied using
processes described herein. No [imtations are thus intended.
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WD 2008/ 024750PCT/ US2007/ 076386 TABLE 6. Precursors and sol ution
conditions for deposition of Tantalumnetal filns on substrates.

Precursor ®abségiaiae” Sol vent Stage Precursor H2 O her perbisdhdntdss
Sol ution TABLE 2. Precursors and solution conditions for deposition of tantalum metal

films on substrates.

Precursor Substrate * Solvent Stage Precursor H2
Fluid (°C) Solution {psi)
{°C)
{In)Ta{CO}, 08G Cco, ~350 -120 100

* organosilane glass (OSG).

[00102] Factors governing thickness of the tantalum metal films deposited
to surfaces and substrates include, but are not limited to, e.g., surface and/or
substrate temperatures, precursor concentration in solution, and contact time
with the mixed precursor. Post-processing examination of test coupons was
conducted using Scanning Electron Microscopy (SEM) and Transmission
Electron Microscopy (TEM). Purity of deposition materials was evaluated using
X-ray Photoelectron Spectroscopy (XPS). XPS data of the tantalum (Ta) fiims
deposited on the surface of the OSG coupons showed the film is partially
comprised of Taz0s, a consequence of exposure to the oxygen-rich OSG surface
at the interface, oxidization of the Ta film during sample storage, and/or the
presence of oxidizing species in the deposition solvent, which may be eliminated
with more stringent handling of the substrate films or with improved purity of the
solvent.
EXAMPLE 2

{Deposition of Tantalum Films of the invention yielding Binary, Ternary,
and Higher-order Layered Composites) [1]

[00103] Example 2 details deposition of tantalum metal films to various

substrates yielding binary, ternary, and higher-order layered composites.
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[00104] In a first experiment, a bi-layer metal film and ternary composite

was prepared as follows. A tantalum metal film was deposited in accordance with
the invention to an organosilane glass (OSG) substrate using a tantalum metal
precursor [(In)Ta(CO)4} introduced to a carbon dioxide solvent fluid. Conditions
are listed in Table 3.

TABLE 3. Precursors and solution conditions for deposition of Tantalum metal
films on substrates.

Precursor Substrate * | Solvent Stage Precursor H. OtherM
Fluid {°C) Solution {psi) | Reagent
(°C}
(in)Ta{CO), 0sG CO, ~350¢ ~120 100 -
Rus{CO);z | OSGICFD-Ta" | €O, ~350 ~120 10 1mk
Acetone

* prganosilane glass {(OSG). Constituenis listed L to R beginning from innermost layers or
surfaces to outermost layers or surfaces on the substrate.
44 Acetone not required if solvent fiuid sufficiently scrubbed of oxidizing (e.g., O.) species,

[00105] Deposition of the tantalum metal film to the OSG substrate was
followed by deposition to the resulting subsirate (i.e., OSG/CFD-Ta") of a
ruthenium layer, deposited using a “ruthenium deposition” (CFD-Ru®) process
and precursor detailed in pending U.S. patent application (11/096,3486),
incorporated herein, yielding a bi-layer meta! film (CFD-Ta%CFD-Ru®) and
tertiary (OSG/CFD-Ta%CFD-Ru’) composite. XPS analysis confirmed the
presence of distinct film layers of both tantalum (Ta) and ruthenium (Ru) metal
on the surface of the OSG substrate.

[001086] In another experiment, a different bi-layer metal film and tertiary
composite was prepared as follows. A ruthenium film layer was first deposited
via CFD, as detailed in Example 2 above, to an OSG substrate. A tantalum metal

film was then deposited in accordance with the invention to the resulting
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composite (i.e., OSG/Ru’) using a mixed precursor solution [(In)Ta(CO)]

introduced to a carbon dioxide solvent fluid, yielding a bi-layer metal film
(CFD-RU%CFD-Ta%) and tertiary (OSG/CFD-Ru%/CFD-Ta’) composite. Finally, an
additional CFD ruthenium layer was deposited, yielding a tri-layer metal film and
multilayer (OSG/CFD-Ru%/CFD-Ta%CFD-Ru®) composite, as evidenced by XPS
analysis. Conditions are listed in Table 4. Higher order composites may be

prepared similarty.

TABLE 4. Precursors and solution conditions for deposition of Tantalum metal
films on substrates.

Precursor Substrate * | Solvent Stage Precursor H; Other
Fluid {°c) Solution {psi) | Reagent™
{°C)
Rus(CO)q2 0SsG CO, ~350 ~115 10 TmL
Acetone
(In)Ta(CO),; | OSG/CFD-RUY’ CO, ~350 ~110 100 -
Rus(CO);, | OSGICFD-RU’ CO; ~350 ~100 10 1mL
JCED-Ta’ Acetone

* organosilane glass {OSG). Constituents listed L to R beginning from innermost layers or
surfaces to outermost layers or surfaces on the substrate.
* Acetone not required if solvent fluid sufficiently scrubbed of oxidizing {e.g., Oz) species.

[00107] In another experiment, a metal bi-layer film and tertiary compaosite
was prepared as follows. First, a ruthenium film was applied to an OSG
substrate as detailed in Example 2, yielding an OSG/CFD-RU® composite. A
ruthenium mirror observed on the surface indicated successful deposition of
ruthenium. A tantalum metal film was then deposited in accordance with the
invention on the resulting OSG/CFD-RU® compasite using a precursor solution
prepared by mixing a tantalum metal precursor [(In)Ta{CO)4] in carbon dioxide

solvent fluid as detailed herein, yielding the desired bi-layer metal film (CFD-RuY%
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* organosilane glass (OSG. Constituents listed L to R beginning from
i nnernost |ayers or surfaces to outernost |ayers or surfaces on the
substra e.wA2desaoEe not required if solvent fluid suffrcavenodrpresss
scrubbed of GBO-TaYiang téwiary. OSGOFRaYCED-Tof Gompagitel Conditions are listed
transm ssion el ectron mcrograph (TEM of a cross- section of the
resul ti ng compaisiette conprising the tri-layer (PVD Ru/CFD Ta/ CFD- Ru)
nmetal film In the figure, the tantalumfilmlayer (-30A) deposited
in accordance with the invention is disposed between the first PVD
r ut heni um | aSABLEA Rreaursud sed selntion @FDitiRoS for rdgpositidnueh Tamadym metal
consi st ent \irmh$on bebstrefessi ti on steps utilized in the experinment. A
| ayer of chromum (Cr) netal was sputter deposited prior to analysis
to stabili ZePrdeyesi|t iSubptratay et Solwamdi| t Statiest | nFercymon ayet t hi cRfi¥sses.
Resul ts show procegses of the PY8sent (Fhventi%‘ﬁg"fii’e - JfPat iMBFE™ W t|h
deposition ﬁ‘ﬁéai‘.@d‘)}t? RMowRg Mt heoar t o8 | or-bg@br Ttatg Ny VaRLous
conposi tes.| Shading and/or copl or differences observed in | heceldbb |f or
films deposfi(hgd(con |ascaroasuce Wit hlt hesd nventiorofurthed |ndieate
that various properities of individual |ayers may be qualitatively
assessed. FQroreReniise glasy (G- Capglfuspts ﬂ%i’gf- ﬁngoH%'Tr@ﬁéﬁE‘e'E"em'eF\’Féﬂérf or
2 supsirare,

f
tant al um netad] 5’57 S roly o F SRR b sL ROt Sl Bbes BELSARhg @p9pgaiaats. ol ect on

density (density) for I!ayers of an identical nateria
color. Such differences can provide for control and/or assessnent of
process paraneters of deposited netal filns, e.g., during

manuf act uri fog108¥o | i rRIGad iina plod(@unntaenee dindind@nergy vs. sputtering cycle)
2008/ 024750PCT/ US2007/ 076386 [ 00113]In anot her experinent, a bi-Ilayer
metal film dran XPSeamsdysjs ofotmpds-ldyer wasal fire {6FBRALHDLTAYwempHsingta, an
OSG substrate having a PVD rut henium surface prepared as descri bed
herei n i n r dasakenclaydraleprsitep lircaSovdance With ¢k invertibe atbpEositentm lagasel .
A tantalumnetal filmwas deposited to the PVD ruthenium surface

usi ng a t anttal am @8Gabulstreteu(isor JYAGFDRGOHMLTaY| atéanding ntor edetbed i n
a carbon dioxide solvent fluid in accordance with the invention,

yi el di ng a (PuRdRoit OFthelmyerdion] Elye KPSi dcan aendewsst tharspeciomepedikc to
(OSE PVDRu/ CFD-Ta). Conditions are listed in Table 7. TABLE 7.
Precursors akfl thus| Sowing the nefisi dhagmctadisticleiyedicedoia arfd avidized TanTings.al

films on substrates. Precursor Substrate Solvent Fluid Stage (C
oxidation state of the tantalum film layer as a function of depth on the substrate

is illustrated. Results show Ta metal {reduced) is present in the film, indicating
successful deposition to the substrate surface. FIG. 5 is an elemental depth
profile plot {(atomic concentration vs. sputter time) from XPS analysis of the
bi-layer metal film (CFD-Ru®/CFD-Ta’) comprising a tantalum layer deposited in
accordance with the invention atop the ruthenium layer to the OSG substrate.
Atomic composition of the film layers as a function of depth on the surface of the

substrate is illustrated. Here, the peak maximum for the Ta metal film profile
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preceeds the peak maximum for the ruthenium (Ru) profile as a consequence of
the sequence of deposition steps performed.
[00109] Results show various metal films can be selectively applied to a
surface or substrate to form desired multilayer composites. Tantalum oxide
(Taz0s) is also observed in the data sets. Some crazing, or fine cracks, were
also observed in the Ta films resulting from the non-opfimized scoping studies,
attributed to preventable stresses such as shrinkage, temperature fluctuations,

andfor action of solvent fluid. Subsequent profiles in the figure for oxygen and

silicon are due to presence of these elements in the OSG substrate.
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organosil ane glass (0OSG. Constituents listed L to R beginning from
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CTerent S N {he neoe B8 i Aum AL Gefho(PRRRSI BBaPhrelBEHA! U

Films of the it nvention yielding Binary, ernar er or

Layer ed ComDeR s ] Bl sl §cﬁrb9ﬁh%5<ﬂdé ssmmrfysgg &es%ﬁt?é’& ng

deposition o mnetal filns of the invention an

metal s (e.g.ndrbih, LiidfRNh Wi LﬂqﬁybpﬁieYEIt (BVBSRPRIFAD.- 95 g%%ﬁsmhlﬂ@we%t e

art (e.g., PVD or  CVD), di ng conposite structures conpr
di fferent wk-&fahgxe%rnpt)s. en&:)sé/ﬁ%lr%lf’)drmw) O & RRAniuA ARl G-

metal filmwas posited in
Ru®) was deposited as detailed in Example 2 as a “‘cap” layer, preventing
oxidation of the tantalum metal film, and yielding a tertiary metal film (PVD-
RUYCFD-Ta"/CFD-RUW®) and multilayer (OSG/PVD-RUY/CFD-Ta%/CFD-RU®)
composite. Conditions are listed in Table 6. Higher order films and/or composites

may be prepared similarly. Further, “cap” layers of various thicknesses may be

applied using processes described herein. No limitations are thus intended.
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accordance with the invention to a PVD-rutheni um coated OSG substrate
(OSE PVD-Ru) as described in Exanple 3. The coated substrate was

pl aced on wolreesi2ago st age and i ntroduced to a hi gh pressures:vensaks
Deposi ti on afABUE6! #néalrsors Bnd solien ednfdtiobe fbr aiepbsiidnosfsTantzss eetalas
pressuri zed fiwh$ bn 3@trplds. (6. 80 atn) hydrogen to a total pressure of
1100 psi (74.85 atm w th carbon di oxide WO

2008/ 024750PCT/ US20Q007/ 076386 (COR) :qcst'r he solvent fluid .25 g t g
* r

-80 ng of d Tramrer unPHar p%ﬁpﬁ;‘g gr,](fg)bp_) Tal, )i p'gf@ixeqae jint(;;oz

sol vent was introduced to the vessel tormng thg m xe p)r ecursor

sol ution. (qmpkicoRNOSaFeDiRST €0l N| Takke 8 T1ABhE 8. [ Peeclrsors and
solution canditiong for deposition|of tantalumnetal |fil on

substrat es.| RESHE SESCHYBLr at £€2 Spl veat H ui 'R age| (€ Pr %dfmsor

Sol ution a QK2 /CFD-Ta _ ‘ cetone
* drganosilane glass (OSG). Constituents listed L to R beginning from innermost layers or

surfaces to outermost layers or surfaces on the substrate.
4 acetone not required if solvent fluid sufficiently scrubbed of oxidizing {e.g., O;) species.

[00112] FIG. 6 is a transmission electron micrograph (TEM) of a cross-
section of the resulting composite comprising the tri-layer (PVD-Ru%CFD-Ta"
CFD-Ru®) metal film. In the figure, the tantalum film layer (~30A) deposited in
accordance with the invention is disposed between the first PVD ruthenium layer
and the subsequent {CFD-Ru’) ruthenium layer, consistent with the deposition
steps utilized in the experiment. A layer of chromium (Cr) metal was sputter
deposited prior to analysis to stabilize deposition layers and to distinguish layer
thicknesses. Resulls show processes of the present invention are compatible
with deposition methods known in the art, e.g., for fabricating various
composites. Shading and/or color differences observed in the TEMs for films
deposited in accordance with the invention further indicate that various
properties of individual layers may be qualitatively assessed. For example, color
and/or shading differences observed for tantaium metal films in separate TEM
scans suggest a greater electron density (density) for layers of an identical
material having a darker color. Such differences can provide for control and/or
assessment of process parameters of deposited metal films, e.g., during

manufacturing. No limitations are intended.
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(psi) Oher Reagen t (Cp)Ta(CO 4 OSG IND-Ruu CO2 -350 -130 100 -- *
organosi |l ane glass (0OSG. Constituents listed L to R beginning from
i nner nost  hayRos@rsosurfaces to outernost |ayers or surp@ResPR7$RE

substrate. @offsPer ainr gnddhers ekpeditient,| di di-ayert inigtalofintlen@siat itéhhary
followi ng injection of 0.25 nL, 0.50 nm., or 1.0 nL of prem xed liquid

precursor preppbat Was Prlparéd Qb 1Bldvse FMREranTesd shibdidiaMgving a PVD
subsequent|ly deposited to the resulting
ruthenium surface prepared as described herein in reference to Exampie 3 was
placed in the deposition vessel. A tantalum metal film was deposited to the PVD
ruthenium surface using a tantalum metal precursor [(In)Ta{CO)s solution
introduced in a carbon dioxide solvent fluid in accordance with the invention,

yielding a (PVD-Ru®/CFD-Ta® bi-layer film and ternary composite (OSG/PVD-

Ru% CFD-Ta%). Conditions are listed in Table 7.

TABLE 7. Precursors and solution conditions for deposition of Tantalum metal
films on substrates.

Precursor Substrate * Solvent Stage Precursor H; Other
Fluid (°Cc) Solution {psi) Reagent
{°c)
(Im)Ta(CO), | OSG/PVD-Ru® CO; ~350 ~115 50 -

* organosilane glass (OSG). Constituents listed L to R beginning from innermost layers or
surfaces to outermost layers or surfaces on the substrate.

[00114] FIG. 7 is a plot {count rate vs. binding energy vs. sputtering cycle)
from XPS analysis of a bi-layer metal film (PVD-Ru%CFD-Ta% comprising a
tantalum layer deposited in accordance with the invention atop a PVD ruthenium
layer on an OSG substrate, according to another embodiment of the invention.
Oxidation state of the tantalum film layer as a function of tantalum depth on the
substrate is illustrated. The tantalum film and layer was deposited at liquid, near-
critical, or supercritical conditions from the mixed precursor solution in
accordance with the invention. Results show Ta metal (reduced) is present in the
film, indicating successful deposition to the substrate surface. In the figure, peaks

corresponding to presence of tantalum oxide (Ta,QOs) are also observed.
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(OSE PVD- Ru/ CFD- Ta) conposite as described in pending U S
application patent application (11/096, 346), yielding a tri-I|ayer
metal fil nwandogmihisbl ayer (OSG PVD- Ru/ CFD- Ta/ CFD- Cu) cosiaosdab@/076386

H gher ordqbofis) s MEYG e skARStigh elsolticn Ta UBXPS pelit &ata 16+ dupesgotie XPS
depth profile data (atom c concentration vs. sputter depth) show ng
conmposi t i on s@ittdring ogi"illaénﬂ AP BSofHIGE 7€ rdpattivelyNghowing the transition from
(Osd PVD- Ru/ CFD- Ta/ CFD- Cu) conposite. Results show the presence of

bot h reducegytaonen th&kider foft a6 dhd adrtalmnh (A udduced dngtedilaeFIG. 9

rut henium (Ru) nmetals associated with deposition of the tri-I|ayer
metal film peedehs cotspomiiey depthppilcl Gath @RMNIC Cdhtaratidepesisputter of
various netals (e.g., Cu on Ta, or Ru on Ta) can be used, e.g., for
protection @fmeRHé¥pBeadakeiadmirh lfon e Taundtalcem| pryide phgaedsthe peak

oxi dation, or tor other uses including, but not limted to, e.qg.,
deposi tion adaxpe@d foryee Sufheniubs €RUN pasitd, candigighDwithathel sedquente oks
denonstrated herein, the invention is suitable for use with

convent i onaldepdBicaCA/sQiedébdCT/ US2007/ 076386 depositi on net hods,
e.g., for production of nmultilayer conmposites and structures. No

l'i mitationgoerss]i nt emésdis doékVEldw Gn{aep ot filors «in bEcseettively Bpplies of
the invention to Pattern Surfaces and Substrates yielding

Mul ti | ayer edo eesitrface dCosupeisate egdldih@ Gk2ibdcEramititdyer Bordpesites.b8gbsequent
experinments denonstrating suitability of the deposition nethods of

t he i nventi eryden swlsiicoapedildsavihedigoengt exe tepreseree mhthese plementsyn,
trenches. An OSG substrate having feature trenches coated with a
convent i onaltheéDA3eTaSE ayatrael 25A), a conventional PVD-Ru | ayer (50A)
and a conventional PVD TaN | ayer (125A) was placed in a pressure
vessel. FIGs. 1la-11 b present scanning el ectron m crographs (SEMS)

of the feature substrate (i.e., OSGtrenches/ PVD Ta/ PVD- Ru/ PVD- TaN)
prior to tantalum deposition at twBX4MPLE&<%.nt resol utions, 200 nm and
500 nm respectively. Atantalumnetal filmwas then deposited to the
substrat e i n @epositignss Tantalum rémsefdhe inyention gielding Sinardléroatyur e
trenches using a tant al and kighar-gsdeckayersd Comppaitgstd3la] premixed in
the solvent fluid and introduced to a pressure vessel, resulting in a
structured conposite, i.e., . _ ) .

( OSG t r encHESTHD- Ta/momPpiruf PigtRitEa fIREHMENts) showing,depesitinm of (antalers
subsequently deposited as detailed in Exanple 2, resulting in a,

nul ti | ayer edaidtfms raf | the drvanieaeng of ebepawtale (e.p. eu) in conjunction with
(OSG-trenches/ PVD- Ta/  PVD- Ru/ PVD-TaN CFD- Ta/ CFD- Ru). Conditi ons are
listed in TABPRSIEN MaEHods kapwp AT Supedt (egp 007 ®F . igisling gomposite
Precursors and sol ution cor}di_ti ons for deposition of Tantal um netal

films on sub¥HsHieESOMPRRRY fT<Hferag uttiayeptims.

[00118] In one experiment, a tantalum metal film was deposited in
accordance with the invention to a PVD-ruthenium coated OSG substrate
(OSG/PVD-RU®) as described in Example 3. The coated substrate was placed on
a heating stage and introduced to a high pressure vessel. Deposition of the
tantalum film was effected as follows. Vesse! was pressurized with 100 psi (6.80

atm) hydrogen to a total pressure of 1100 psi (74.85 atm) with carbon dioxide
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Solvent Fluid Stage (C) Precursor Solution (C H2 (psi) Oher Reagent
AA (1n)Ta(C0) 4 OSG trenches/ PVD Ta/ PVD Ru/
WO 2008/024750 PCT/US2007/076386

(CO») as the solvent fluid. ~25 mg to ~80 mg of a tantalum metal precursor,
(Cp)Ta(CO)4, premixed in CO; salvent was introduced to the vessel forming the
mixed precursor solution. Conditions are listed in Table 8.

TABLE 8. Precursors and solution conditions for deposition of tantalum metal
films on substrates.

Precursor Substrate * Solvent | Stage | Precursor H, Other
Fluid {°C) Solution ® | {psi} | Reagen
(°C) t
(Cp)Ta({CO) OSG/PVD-Ru’ CO, ~350 ~130 100 -

4

* organosilane glass {OSG). Constituents listed L to R beginning from innermost layers or
surfaces to outermost layers or surfaces on the substrate.

% Temperature of solvent fluid at time of deposition following injection of 0.25 mL, 0.50 mL, or 1.0
mL of premixed liquid precursor prepared in CO;.

[00119] A copper metal film was subsequently deposited to the resulting
(OSG/PVD-RUOICFD-TGO) composite as described in pending U.S. application
patent application (11/096,346), vielding a ftri-layer metal film and multilayer
(OSG/PVD-RU’/CFD-Ta%CFD-Cu®) composite. Higher order films may be
constructed similarly. FIG. 10 presents XFS depth profile data (atomic
concentration vs. sputter depth) showing composition of the film layers of the
resulting (OSG/PVD-RU%CFD-Ta%CFD-Cu®) composite. Results show the
presence of both reduced copper (Cu®), reduced tantalum (Ta®), and reduced
ruthenium (Ru®) metals associated with depaosition of the tri-layer metal film to
the substrate. In practical application, deposition of various metals (e.g., Cu on
Ta, or Ru on Ta) can be used, e.g., for protection of an exposed metal film or
surface layer against oxidation, or for other uses including, but not limited to,
e.g.. deposition of seed layers for use in semiconductor fabrication. As

demonstrated herein, the invention is suitabie for use with conventional
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PVD- TaN CO2 -350 -110 50 -- Ru3(C0)12 OSG trenches/ PVD Tal/ PVD Ru/
PVC-TaN CFD-Ta CO2 -325 -110 - 1nL
WO 2008/024750 PCT/US2007/076386
deposition methods, e.g., for production of multilayer composites and structures.

No limitations are intended.

EXAMPLE 5
(Deposition of Tantalum Films of the invention to Pattern Surfaces and
Substrates yielding Multilayered Feature Composites)

[00120] Example 5 describes experiments demonstrating suitability of the
deposition methods of the invention to subsirates having complex feature
patterns, e.g., trenches. An OSG substrate having feature trenches coated with a
conventional PVD-Ta layer (125A), a conventional PVD-Ru layer (50A) and a
conventional PVD-TaN layer (125A) was placed in a pressure vessel. FIGs.
11a-11b present scanning electron micrographs (SEMS) of the feature substrate
(i.e., OSG-trenches/PVD-Ta%PVD-Ru%/PVD-TaN) prior to tantalum deposition at
two different resolutions, 200 nm and 500 nm, respectively. A tantalum metal film
was then deposited to the substrate in accordance with the invention atop the
coated feature trenches using a tantalum metal precursor [(In)Ta{C0Q)4] premixed
in the solvent fluid and introduced to a pressure vessel, resulting in a structured
composite, i.e., (OSG-trenches/PVD-Ta%PVD-RU®/PVD-TaN/CFD-Ta%. A
ruthenium film was subsequently deposited as detailed in Example 2, resulting in
a multilayered metal film and feature composite, i.e., (OSG-trenches/PVD-Ta%

PVD-Ru%PVD-TaN/CFD-Ta%CFD-RuP). Conditions are listed in Table 9.
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Acetone * organosilane glass (0SG. Constituents listed L to R
begi nning frominnernost |ayers or surfaces to outernost |ayers or
surfaces owoiieas/muisstrate. a Acetone not required if salomrpg20d7i0as3ds
suf fi ci ent | TABLEISbEdecvfsopx artl golutipn(eonditionDRy depesiticasl Tap@ium petats .
11c-11d pr edibmg orBgEMStratiest he resulting feature conposite
(OSG-trenches/ PVD Tac/ PVD- RuD/ PVD- TaN CFD- Taa/ CFD-Ru) _at 200_nm and
500 nm regsfeewispelly, Suhetrte’g netSelvent| n%as‘tfepo%fﬂt“w' tlh8r et o, Other

according tlo another embodi nent of Uithe |r§\9ént| j'ég;"ﬂt PR

contr ast tHhe=cantf O “ant-attimtayer i : a |
' mTxeo GG hAnE 52 {36~ Chbp o) 6§ = .
accordance \smﬁ)tﬁ tLe mnp\%mﬂ $ not d stel’ngm shed frilomthe rut heni um

| ayer (CFD{Ru) depomte@-sratbseqyently. Thi ckness of tlhe substrate
| ayers befare and after _deposition of tantalum (i e CEQ-Ta) and

r ut heni um (iReCOMGHD, a&%ﬁa Z‘Qﬁ%ﬁ of M t¥E spct¥ESst{ul ~#¥odi {1 okw g(fe'ﬁrgt é
Elicr

films in the multil ure conposite. [00122]Res

demonst r at €+ PYaRddlidné gt OTOSEPTHIN BT IHRCE®SE Dadhining Hem NFrRHRR layers or
i nvention V\/lsmrhcesmcrmeanﬁdsum}sodﬁﬁmscﬁmthwrmaesses known in the art for
fabri cat i ng “cheatpugictrequed il solvent i syfidientcompliet sf okidizinaie.e. PAsreEssns and
various nulti-layer filnms. WD 2008/ 024750PCT/ US2007/ 076386 EXAVPLE 6
(Deposition of TantalumFilnms of the invention to Ceram ¢ Coated

Substrates mpfii N9 AL  RYPIELHreSORIPSIITS &6 thé e ARL B AR sorﬁpzsi,%al 's

preparation of a ceramc coated substrate in conjunction wth

deposition X@S@%cﬁésfﬁ"h@ ﬁaWPVDtRLﬁymVD’WQNQJFVMTﬁEFMu &t 2ol i &ihd

conposi te. tantalum netal fil mwas deposited in accordance with the
i nvention tgoanniSedpebile %at@noﬁr(?\@pﬁieﬁl Bma aegbatadcmeaml Ay&irding . to
e.g., silicon carbide (Si form ng an OSG Si ¢ CFD- Ta conposite. A
copper met alansﬂhbmemd;&wns@qwtdentdfnpaaIth@d;uﬁentt Edntiastied BhfoayAr as
detailed in Exanple 5, yielding a bi-layer netal fil m(i . e

CFD- TQ' CFD- @htalumngyer (ndl] CFDaefy @sbogitsiio dckerdanceewith the invention is not
OSE Si O CFD-Ta/ CFD-Cu) . FIG 12 presents XPS depth profile data

(at omi c concestihgwshean fres. tiEpudtheriurdepydr) (GFDWUPg depagies i subsequehtly. he
various |ayers of the resulting (OSG Si ¢ CFD- Ta/ CFD- Cu) conposite.
Resul ts ar e Thizkeesst @rthe substratid tayd@pmsorei apil «ftag de postionsafdantaigivieg
presence of both reduced Cu netal and reduced Ta netal associated

wi th the bi OFszEa° rapti aruthiehiuns (x@ep@@b&ﬂ) tanfithehs shedasatub degsmitionl df as
the underlying carbon (C) and silicon (Si) associated with the SIiC
cap | ayer ametaltignintbemulityerdateatiravcdnipdsie OSG oxi de substrate.

[ 00124] Deposition of various netals (e.g., Cu on Ta, or Ru on Ta) and
cap [00122] Results demonstrate potential for combining processes of the

-

present invention with conventional deposition processes known in the art for
fabricating composite structures with complex feature patterns and various multi-

layer films.
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| ayers (e.g., SIC on Ta) can be used, e.g., for protecting the
exposed netal filnms to oxidation, or for other uses including, but
not Iin‘itewotmgs/@4gg, deposition of seed | ayers (netal lfcjm@hgﬁotmsyse
in sem conductor fabrication. As JdEXOWPLEN herein, the invention is
suitable for use with conventional deposition net hods in producti on
of nultilayer capesiticasofdrumtalimRiimg éfthe NoventiohttaiCeoarnicaCantedit ended.
[ 00125] As shown her ei n Subetrhied yieMing MulilageredtCompesitespn f or
depositing tantalumnetal filnms can be used in conjunction with
deposition processes WO 2008/ 024750PCT/ US2007/ 076386 known in the
art includipg123djut ndExahiple Gedkt#ils, preparatiors pltit aaramig, cdatdd, sbébateaind

| i ke deposition nethods for producing nmultilayer filnms and

conposi t es. dChipadticd WidDddmBeh ewthods ofléedsvdntion yieldiag aostiemualtilayerh
the invention offers enhancenents and/or alternatives for surface
processi ng reehmosite. Aaantahat metaufilmgasadepbeited ialactadancgrwithf the inysitioat es,
e.g., sem conductor chips and rel ated applications including, but not
linited to, te.ay OSCosymateccdraisingas iceramid/sallayer lofn elgpsticen carbide
described herein is facilitated by use of | ow val ence state tantal um
precursors. (8lg) iforyning waQSQIS@é@E&ﬂ'a tdomposipur & cappec aoetaefial was
tantalumfil ms under conditions suitable for use in conjunction with
various |i quubsequeatly defidsiterhdn thartdntaiupeleyeti asi deddiled i Fdanpla s, wipidingd
potential applications in nmetal film dep05| tion processes known to

t hose of skid bi-layeredalditrn (i.eTHeFD-Ta¥aEP S’ bao@ﬁpwwewre@bmmawe (ie.,
deposition of materials, as descrlbed herein, for use in
produci ng cdh%@@l‘@/@fthﬁﬁ'rtﬁﬁ%phd FG-i Burresanta KPSi ‘?&P@ Pepfiter data (afemigl |
e.g., as barrier filnms in silicon wafer or sem conductor chip

manuf act ur i rRgneTHEtipm e PPHiEeT depth SRewing egrpositioned Hleurreiodlayeiston the
deposition of tantalumnetal films to various surfaces, includin
conpl ex sur fragdiing @@G/SI(F/@FDC%{Q%CMd:ompppliqnd?esglésp@gq P@'&'ﬁtﬁ'ﬁétm%ds
of the invention may be further used in conjunction with, or as an
alternative h® delkﬁsé@éﬁéléﬁﬂcﬁﬁsﬁ‘éh %ﬁ‘@w'nﬁtﬁf esegte Pf path seruced Carastplcand
Mechani cal Pl anarization (CWP limtations are hereby intended.

[ 00127] Whi | €egedpf @ Jasifel ??ﬁ%ﬁfqdolﬁ"th dheiditaveh stal SHiBs rdappsitedr i Bieence
to nethod(s), tgzg)ar at us stergwgé| and enbodi ments thereof, it

shoul d be urifBFiEt®oF Wﬁ'&?s he icathondChard siican (S)) #ssariated Withng
vari ous alternatlves in formand detai] nmay be nade therein w thout

departing f riBeethePRIBYe at”dérf‘ﬁjo’%ﬁ'bés"’(S’P'aWé”WW%Pﬁ%ﬂx'de BoaIRe- 1. A

net hod, cha rize 1.he X a near-critical or
super criti c@l%?é‘_ﬁui d ﬂ?ﬁ%)ﬁ’it'ﬂn A Vaé %‘Fjﬁ“‘rge 28 AgOn %E'GF@b?”Q‘E?pa
wavel engt h qf ! ?ehg::[; {Cegr? Cta% e use&eelz 8 a?or pr(%nttlﬁlg 'ﬁ'ln?a (fezgp%rs]?a %Ieg'il films

precursor;

to oxidation, or for other uses including, but not limited to, e.g., deposition of
seed layers (metal films) for use in semiconductor fabrication. As discussed
herein, the invention is suitable for use with conventional deposition methods in
production of multilayer composites and structures. No limitations are intended.

[00125] As shown herein, methods of the present invention for depositing

tantalum metal fims can be used in conjunction with deposition processes
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whereby tantalumrel eased from said precursor is deposited to a

sel ected surface. 2. The nethod of claim1l1l, wherein said surface is
a feature gwHhewrsishat i ncl udes a nenber sel ected frompdRUQLHEWOs386
consi sting Qhawam theekliscludine bahes limjedw, elyqlseatteringf RYDpOBCAE] likand
conbi nati ons t her eof 3. The method of claim1l, wherein said surface
i's sel ect ed dbpsutidnitRetBb@Br 6rR064ISS MOLlagétives dhdresrapasitas. sur f aces,

t hr ee- di nensi onal surfaces, and conbi nations thereof. 4. The net hod
of claim1, wherein said surface is gloswrentact with said fluid. 5.
The nethod of claim1, wherein release oftantal umfrom said precursor
i s perforngdopde)t ol yigetstivey . depoSitiorThie aedohdzmcef with athen thyemtfver effersdi e
step of exposing said fluid to a wavel ength of l|ight includes use of
a |light sourcaparsehentsedafid/om aikengivesip f@onsirate ngradessingi béleted VI i8)
sources, ultra-violet (UV) sources, ultra-violet/visible (UV/VIYS)

sour ces, | aseanugmturing Sondaom dalerinabom af isobedratelse egof semidondiibter whiph amdof
claim1, wherein tantalumrel eased fromsaid precursor is deposited
as a tant al ueeiednamilicatiogs findlinding) Wi bt dimitedcte, e.g.,8corprsitedfabrindtion.
claiml1, wherein said tantalumcontaining filmis used as a diffusion
barri er dur iMealrfimdepositiore dedfcribed: herelneis tfaaditated tg wise ef Jow v@encEnsiate

met hod of claim 1, wherein said tantalumcontaining filmis used as a
met al seed [tantalumderecursorsnAbifitado eesilyafepasis thin, pored tesiioed gietgh tanalwaf er .
10. The method of claim1l, wherein said tantalumcontaining filmis
used as a n#itnas uhdeti ®hditionssuiteblel fof Leé Fhiergurstiot adth varioust liquitheneaet hod
of claim1, wherein said fluid includes a menber selected fromthe
group consi srilicaly afd ewpeperiticali Byidsdbas anvriat @otestialyanpliegtiops dparadal film

but ane, sul fur hexafluori de, ammonia, and conbi nations thereof

12. The net ledosiforc |papaessgs khawohter thasel gfliskid irhethet aps Tog pvemtiogi ng
said precursor in a solvent and introducing sane to said fluid prior
t 0 exposi ng esaerapdssas aeledive gleosiinncdf aralgriels Bs dpspiibed hered, ephdomisehod
of claim 11, wherein the step of exposing said fluid to a wavel ength
of |ight is iperqiyeingsopepreiestseaprisiag variofemgtabblsns lawerst vsaidr a0urds of
said precursor. 14. The nethod of claim1l, wherein the step of
exposi ng saib@rer fiing Deiligonupiar on §eRicoRdycHes ihipi RaNURYINgx b inyenten

| east a portion of said fluid above the thernmal deconposition

t enper at ur e |%plsg&fsafubfrbewmjpn with deposition of tantalum metal films to various

surfaces, including complex surfaces, e.g., for coating and filling. Deposition
methods of the invention may be further used in conjunction with, or as an
alternative to, processes including, but not limited to, Chemical Mechanical
Planarization (CMP). No limitations are hereby infended.

[00127] While the present invention is described herein with reference to
method(s), apparatus, system(s), and embodiments thereof, it should be
understood that the invention is not limited thereto, and various alternatives in
form and detail may be made therein without departing from the spirit and scope

of the invention.
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15. The method of claim 11, wherein said fluid is conprised of carbon
di oxide at a pressure selected in the range from about 830 psi (56.48
atm to about 10,000 psi (680.46 atn); or from about 1500 psi (162.07
atm to about 5,000 psi (340.23 atn); or from about 2250 psi (153.10
atm to about 3,000 psi (204.14 atnm). 16. The method of claiml,
wherein said tantalumrel easing precursor is a chem cal conmpound of

the form !Eé@g(Ta) (C0)4_N(LN)] or wherein (Cp) is a cycl opentadi enyl

ring or spent adi enyl ring functionalized with up to 5 identical
or different R,groups; erein (l.n) ,is an i.ndenyl polycyclic
hydr ocar bon or 13t’?’bgf“?qlﬁ\ggﬁflﬁﬂféé&?gﬁayy@fcﬁtfﬁ ﬁ%]qlr ocar bon conpri si ng
up to 7 identi eapomgjaﬁreamnn@lgwrpmmrcwﬁl@ﬁb id containiagrunber
(4-N) of car b_Ony'taﬂ‘rb!lﬁﬁdﬁeleﬁ\éiﬁbeffédms@r o evaviglanyth bd Ygheand

d

wherein (LN) is ( ' [ i fferent

| i gands. 17. 'Iiﬁgg%g?%g @reggal m%g%%u\t}ﬁef?gllg&ggip%g%%%& um beari ng
precursor is s&IEEE Ht\a%lmpﬂlﬁé'eg?aéﬁ Tromssad PRECHrs@pisadereS4, and

| nTa( Q0) 4. 18. itEdeorestledted sotface 16, wherein said R-groups are
sel ected from bhhey %ﬁeﬂ}d&Pbe?éih{‘%,GJh ir dsglsﬁrfa@eh%yfﬁmﬁ Kynyl's,
and conbinati o tliﬁre.o 19. Tﬁ:te]rmt 0 @ C glm 1 erein said
surface is aSSpradRroRcludes 7 saptihel SHITRR FginaPE STOuBAPIThe

net hod of cl sistingni vins, weHssaruches, gops devlesninteroamurects, @ands a

sem conduct ogomefiaations thegwfi conductor chip. 21. The met hod of

laim1l, wh i I [ L I osited
on & Surface.td’ é&éﬁ#ﬁ*@%ﬁg ﬂg 873, IRTERE AR sdiBofFEE D!
conposi te.  Hom e ERUmGAn SRR AL PR dREREIR] SATIACB AAFGE-

tertiary, ordhhghsional darfacespasd cembmatdes theraofber, sel ected from

combi nat | ons. ¢ ot og 1?;??5@% ndpreRersii Spid R i REPRAEE ol um
deposi ted as¥a ]tﬁéi’#iaﬁ ‘containing filmon said surface i s deposited
usi ng a reduci hglhgamthod gixlairhd , wehereth nileasend fiapdalumhdrasiin sai d
reduci ng agegdidipgresareatisthdformetiplaitolyicansi sting of hydrogen,
n-al kanol's, ang ?ﬁgﬂﬁé}ﬁbﬁod}sclﬁﬂﬁrf%herein the step of exposing said
fluid to a wavelength of light includes use of a light source
selected from the group consisting of: visible (VIS) sources,
ultra-violet (UV) sources, ultra-violet/visible (UV/VIS)
sources, laser sources, and combinations thereof.

7. The method of claim 1, wherein tantalum released from
said precursor is deposited as a tantalum-containing film on
said surface.

8. The method of claim 1, wherein said tantalum-contain-
ing film is used as a diffusion barrier during manufacture of
microelectronic devices. /

9. The method of claim 1, wherein said tantalum-contain-
ing film is used as a metal seed layer during manufacture of a
semiconductor chip or wafer. :

10. The method of claim 1, wherein said tantalum-contain-
ing film is used as a metal finish in a metal finishing process.

11. The method of claim 1, wherein said fluid includes a
member selected from the group consisting of: carbon diox-
ide, ethane, ethylene, propane, butane, sulfur hexafluoride,
ammonia, and combinations thereof.
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25. The nethod of claim 24, wherein said reducing agent is an

n- al kanol selected fromthe group consisting of: nethanol, ethanol,
n- propanol , and conbi nati ons t her eof 26. The nmethod of claiml1,
wherein said surface is a surface of a substrate, said substrate is
selected fromthe goup consisting of: netal substrates, ceramc
substrates, polyner substrates, and conbi nati ons thereof. 27. The
nmet hod of cIa|n126 wherei n sald surface is_a _syrface of a substrate,

sai d subst r at e12nThedestlodrefictains dlefurher ingdmg Hreosiss SI sting
of a Ce;ag: fgr&n‘i@ﬁl@s zé%géMEmasb%h agideheeiduicing samertganosi | ane

dain R R A R e R rR B

cl ai m 27, \/\héﬁlﬁ]ﬁh%@p@o&'

The net hod ohlightai m 27, wherein said sil oxane rrenber is a

pol ysi | oxane. y3 3flg 155?31689{)%%195 19!, FHBrén (181 h@sigigl Oxane
nmenber i ncl ud u of claim
1, wherein ﬁflﬁﬁ fa é"f(%vc?z?% foglga]?ntu} p?gf% l‘ﬁgﬁg g'ﬁ(lf%il of Iight
to rel ease tlmrnmlutedompesidion Haperaisre p éﬁlﬁjpléeqlﬁéo%tep of renoving
one or nore pigt Phabihkthdd efelisinel1s witereiedw sep ofesposing vid.
32. The net 9$1ﬁgﬂ’ﬂ§ éﬁloazl wa% PRI I tﬁgﬁ‘i&e{r% SpdSHp Yk Ieapiae or nore

phot ol abi | e ted fromthe
group consi B@ﬁh@l@f ﬁiﬁ& b%‘é‘i’ ﬁl}e& ‘F%%@lag?gomip&i‘ht&%n em-
phot ol yti capblgatar@:bﬁﬂgrﬁhprea:mbgands phot ol ytical | y-sensitive

| i gands, and éﬂ”@lﬁailiaﬁédtdlﬁbﬁﬁﬁl 11, 38herdig srﬁedfﬂmﬁdo{s cbm-m 32,

further inclu e |Ie

| ds of BESY %@%8 yéeﬁf ﬂr ure e a&‘go d fluid
Lo ontai b abome AbOARY ey a8y 1o ahewt LU0 By m%ﬁa' .
wavel engt h @trm)ﬂtmﬁrbm aborh@b00.psi (3@2.0Matmpthabowt 5 OO psi33,

wher ei n th (?93 uﬂ@@bﬁgawm oD S0P & qqmt PO @leinl)&rol Atgands of sai d

precur sor #I I ncl udes aci ng w t h an et hyl ene
d

| i gand. tai m 33, wherelnthe tep f replacing
one or rmre p116t Eh@bﬂﬁﬂmd Qﬁﬁé&lmﬂel‘&h@@méﬁl%@lﬁé E’gﬁaasrmre

ItOEOt ol ?Fl | ?uid ?étdﬁs@f IsS@IcﬁemlealJcempamld ef ltlmti:- sﬁmnl b [’((lfpl)ﬁl."a& ]E h a
er ma spjpartial release o

t ant al umyat&gr )ért%gg Cbrtliq]l gg% j|Oon %% 8 of said
precur sor . élerem)e( WO%ICX? oéjleé]i g \Wl]e? S’EE‘)@

repl aci ng one oellmlaoﬁm@ﬂﬁbmlﬂzédlwghﬁmt%ﬁ 1§1§naca} ee dilder- vm th a
thermally 1 abi én‘@Rl- A sA/m le in said fluid provides for rel ease of

e e @ﬁg%gmh&%ﬁg Bgé cgh%af?&érrbon% sufe et hod

of laim 36 ting sad 1dto
renove said the?%l £g IPQ%WQI?P {PESHIE Up
to 7 identical or d1fferent R-groups

wherein (CO) is a number (4—N) of carbonyl ligands,

where N is a number from 0 to 4; and

wherein (L,,) is a number (N) of from O to 4 identical or

different ligands.

17. The method of claim 16, wherein said tantalum-bearing
precursor is selected from the group consisting of CpTa
(CO),, and InTa(CO),.

18. The method of claim 16, wherein said R-groups are
selected from the group consisting of: H, alkyls, alkenyls,
alkynyls, and combinations thereof.

19. The method of claim 1, wherein said surfaceis a surface
of a microelectronic substrate.
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38. The nethod of claim37; wherein the step of heating said fluid to
renove said thermally labile Iigand fromsaid precursor includes use
of a source selected fromthe group consisting of mcrowave sources,
infra-red (IR) sources, radio-frequency (RF) sources, ultrasonic
sources, chem cal sources, and conbi nations thereof. 39. The net hod
of claim 37, wherein the step of heating said f:uijd to renove tsald

t hermal | Iabll and f recursor includes a tenperature up
to abouty350 c2! fa[lg Qfﬁ &19138 swreimspdanicroelectremeer at ur e

up to about 60bstEate isa semlconductor wafer, or a semiconductor chip.
21.The method of claim 1, wherein tantalum released from
said precursor is deposited on a surface to obtain a binary, a
tertiary, or a higher-order composite.

22. The methed of claim 21, wherein said binary, tertiary,
or higher-order composite mcludes a member selected from
the group consisting of: OSG, Ru, Ta,Os, Ta, Cu, SiC, TaN,
and combinations thereof

23. The method of claim 1, wherein tantalum deposited as
a tantalum-containing film on said surface is deposited using
a reducing agent.

24. The method of claim 23, wherein said reducing agent is
selected from the group consisting of: hydrogen, n-alkanols,
and combinations thereof.

25. The method of claim 24, wherein said reducing agent is
an n-alkanol selected from the group consisting of: methanol,
ethanol, n-propanol, and combinations thereof.

26. The method of claim 1, wherein said surface is a surface
of a substrate, said substrate is selected from the group con-
sisting of: metal substrates, ceramic substrates, polymer sub-
strates, and combinations thereof.

27. The method of claim 26, wherein said surface is a
surface of a substrate, said substrate includes a member
selected from the group consisting of: a ceramic, a metal, a
polymer, a low-k dielectric, an organosilane glass, a siloxane,
and combinations thereof.

28. The method of claim 27, wherein said ceramic member
includes TaN and/or SiC.

29. The method of claim 27, wherein said siloxane member
1s a polysiloxane.

30. The method of claim 27, wherein said siloxane member
includes methylsilsesquioxane.

31. The method of claim 1, wherein the step of exposing
said fluid to a wavelength of light to release tantalum from
said precursor includes the step of removing one or more
photolabile ligands of said precursor in said fluid.
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32. The method of claim 31, wherein the step of removing
one or more photolabile ligands in said fiuid includes ligands
selected from the group consisting of: photolytically-releas-
able ligands, photolytically-exchangeable ligands, photolyti-
cally-sensitive ligands, and combinations thereof.

33. The method of claim 32, further including the step of
replacing one or more photolabile ligands of said precursor
with a different ligand while in said fluid to obtain at least
partial release of tantalum at a different wavelength or pho-
tolytic energy. '

34. The method of claim 33, wherein the step of replacing

one or more photolabile ligands of said precursor while in
said fluid includes replacing with an ethylene ligand.

35. The method of claim 33, wherein the step of replacing
one or more photolabile ligands includes replacing one or
more photolabile ligands of said precursor while in said fluid

with a thermally labile ligand to obtain at least partial release
of tantalum at or above the thermal decomposition tempera-
ture of said precursor.

36. The method of claim 35, wherein the step of replacing
one or more photolabile ligands of said precursor with a
thermally labile ligand while in said fluid provides for release
of tantalum in a combined photolytic/thermal process.

37. The method of claim 36, further including the step of
heating said fluid to remove said thermally labile ligand from
said precursor.

38. The method of claim 37, wherein the step of heating
said fluid to remove said thermally labile ligand from said
precursor includes use of a source selected from the group
consisting of: microwave sources, infra-red (IR) sources,
radio-frequency (RF) sources, ultrasonic sources, chemical
sources, and combinations thereof.

39. The method of claim 37, wherein the step of heating
said fluid to remove said thermally labile ligand from said
precursor includes a temperature up to about 350° C.; a tem-
perature up to about 400° C.; or a temperature up to about
600° C.
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