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[ 0001] The present invention relates generally to a method and an appar at us
for selective deposition of materials. Mire particularly, the invention
relates to 40 ZWéBPﬁﬁEF and an apparatus for selectively d®eadiseeongLnst erial s
to a surface or substrate thereby controlling thickness of the materi al
deposited at, on, in, and/or along the surface or substrate. The instant
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substrates fabricated fromnmaterials including sem conductors, dielectrics,
nmetals, metal oxides, and patterned filnms conprising these materials. For
exanple, the critical circuitry and interconnects on sem conductor chips
require deposition of nmetals i FJELD QF THRIINVENTIONi ted to, copper,

al um num tungsten, tantalum and rutheniumin pattern features, e.g., vias
and trenches of the chip. The inpetus to produce devices w th higher
conponent densities, enhanced operating speeds and/or efficiencies neans
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the footprint of critical W 2006/ 105466 / USZ006/ 012151 feature patterns
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barrier filmg A0 eSS comidifing thickness of the material deposited at, on, in, and/or

along the surface or substrate. The instant invention finds application in such

commercial processes as semiconductor chip manufacturing.

BACKGROUND OF THE INVENTION

[0002] Semiconductor chips used in 2 mulfitude of electronic devices are
structured or composite substrates fabricated from materials including
semiconductors, dielectrics, metals, metal oxides, and patterned films comprising
these materials. For example, the critical circuitry and interconnects on
semiconductor chips require deposition of metals including, but not limited to,
copper, aluminum, tungsten, tantalum, and ruthenium in pattern features, e.g., vias
and trenches of the chip. The impetus to produce devices with higher component
densities, enhanced operating speeds and/or efficiencies means smaller features

and/or generally more complex geometries are required. As the footprint of critical



surfaces for sem conductor chip manufacturing), and fillers or coatings to
surfaces, sub-surfaces, feature patterns (e.g., vias), and/or other
surfaces having conpl ex geonetries, e.g., voids (e.g., three-dinensional
voids), and tunnels (e.g., interconnected tunnels). SUWARY OF THE

| NVENTI ON wB6Q6®@hoskke present invention rel ates gener al IBCTIES2806/E21/od and
apparatus for selective deposition of materials. Mre particularly, the
invention relates to a nethod and an appar atus for selectively deposi ting
material s tfo @ surface or subs 0l I| t hi ckng,s of rra eri
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herein refers to any boundary where selectlve deposition is desjred
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surfaces, conplex surfaces having various conbi nations and orientations of
t wo- di mensitegfnolegies.or Aceardingly, ree mepd rexists o arecesses| that isglectivaly rasposit
limted to, feature patterns, voids, tunnels and interconnected tunnels, or
the like. mHaReGals, leng.oes Eypestiims He.gmtiambithfn vhéarnvrefiltrisoon gaiivenalvhier
conprises providing a substrate conposed of at |east one nmaterial, the

substrat e idigladds fier SemideROStH SHlp ThErLAEGU CI@PQﬁ@ﬁHét% &ecdiings do lngfacéseatl ng
source(s); providing a 2 WO 2006/ 105466 PCT/'US2006/ 012151 sol vent;
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heat i ng the ubstrai?é’ @ener ting a tenperature gradi ent at, on,
t hr ough, or! r?ﬂflj]ep OP¢lSte, the surface being at or exceedi ng the
rel ease tenperature for the precursor; and whereby the deposition

SUMMARY OF THE INVENTION

[0003] The present invention relates generally to a method and apparatus for
selective deposition of materials. More particularly, the invention relates to a method
and an apparatus for selectively depositing materials to a surface or substrate
controlling thickness of materiai deposited to the surface or substrate.

[0004] The term surface as used herein refers to any boundary where
selective deposition is desired, including, but not limited fo, horizontal surfaces,
vertical surfaces, flat surfaces, complex surfaces having various combinations and
orientations of two-dimensional and/or three-dimensional surfaces including, but not
limited to, feature patterns, voids, tunnels and interconnected tunnels, or the like.
[0005] In one aspect, the method of the invention.generally comp‘rises
providing a substrate composed of at least one material, the substrate including a

deposition surface disposed to be heated by a heating source(s);, providing a



material is released fromthe precursor and selectively deposited to the
surface in response to a tenperature established by a tenperature gradi ent
thereby controlling the deposition material at, on, in, and/or along the
surface. In an enbodi mrent of the nethod, the surface is horizontal. In

anot her enbodi nent, the surface is vertical. In yet another enbodi nent, the
surface isWOaWmMSe6 geonetric surface having nultipl ePdEfsioshmsisur f aces
i ncluding, but not limted to, horizontal, vertical, flat, and bottom
surfaces, or conbinations thereof. In yet another enbodi nent, the surface
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devi ces (e.tye,substratecen tharprasuraastinites solventlheatng tthe eubsisatef ganeratingds or

ot her sim |l ar nmechani cal devices). [0006] |n another aspect, the nethod of
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method, the surface is horizontal. In another embodiment, the surface is vertical. In
yet another embodiment, the surface is a complex geometric surface having
multiple deposition surfaces including, but not limited to, horizontal, vertical, flat, and
bottom surfaces, or combinations thereof. In yet another embodiment, the surface
comprises feature patterns having multiple or complex surfaces. In yet another
embodiment, the surface comprises a two-dimensional surface. In yet another
embodiment, the surface comprises a three-dimensional surface. In yet another
embodiment, the surface comprises micro- and/or nano-scale structures (e.g., dual
damscene structures, voids (e.g.,, three-dimensional voids), tunnels (e.g.,
interconnected tunnels), or the like. In still yet another embodiment, the surface or
substrate comprises tiny mechanical devices (e.g., advanced mems sfructures,
small cantilevers, fans, and/or other similar mechanical devices).

[0006] In another aspect, the method of the invention comprises providing a

substrate or material having feature patterns and/or a deposition surface disposed



the precursor and selectively deposited in the features and/or on the
deposition surface in response to the tenperature gradient substantially
filling the feature pattern(s) or a portion thereof and/or controlling the
t hi ckness of the deposition material in the feature(s) and/or on the

deposi ti onVuIREHE466l N an enbodi nent of the nethod, thBCTERPEFGIRINME
gradient(s) is fixed in tine. In another enbodi nent of the nethod, the
tenperature gradient(s) is variable in tinme, e.g., changeable as a function

of tine.
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top of the feature(s) in response to a tenperature gradient generated in

t he feat ur e®r. superaiiaahsondifiposliferihe sokeantheatipaithe raubstiate wishttbd heatinga
deposition material in response to a tenperature gradient generated in the

feat ures. |soureg(shgendrating ationiperattre gradiepbini the deaturdse whedrebhysthestdpesitionel y
deposited to both surfaces and to feature patterns, or portions thereof. 4
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i nvention generally conprises a c hanber for staging a substrate having a
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surface of rtnra]teer%ll%stth%%tegtu?&d) and/or on the deposition surface. In an embodiment of the
method, the temperature gradient(s) is fixed in time. In another embodiment of the
method, the temperature gradient(s) is variable in time, e.9., changeable as a
function of time. In an embodiment, the temperature gradient is generated in
conjunction with temperature programming. In an example, temperature(s) in the
temperature gradient are programmed to increase over time. In another example,
the temperature(s) in the temperature gradient are programmed to decrease over
time. In an embodiment of the method, feature patterns are filled with a deposition
material from the bottom of the feature(s) to the top of the feature(s) in response to
a temperature gradient generated in the features. In another embodiment, feature
patterns are coated with a deposition material in response to a temperature gradient

generated in the features. In yet another embodiment, a deposition material is

selectively deposited to both surfaces and to feature patterns, or portions thereof,



rel easing a deposition material fromthe precursor at a rel ease tenperature
or condition for the substrate; and whereby heating of the substrate at the
rel ease tenperature releases the deposition material fromthe precursor
selectively depositing the deposition material to the surface in response
to the tenpdrAPeH8466gr adi ent thereby controlling the | oBET/L8W0GEHATIS0r

t hi ckness of the naterial deposited to the surface or substrate. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0008] FIG 1 illustrates various tenperature

2T S0t 2 Sl 2AASBEPEN RPN SR s

hori zont al s, vertical ace nd/ or ur e aceés

generated in _one, twy, and thre | JENSi Qng 1 n.conjuncti o i th varipus
eat | ng soUtERLE Tpbtagittez, ket Bainy & epifeR Biifiesonetier amdhe Y
illustrates a conplete system of a bench-to al e design for selectively
deposi ti ng $RAvVeHn pssqj\ﬁer{t FW%@@g,a Q[ﬁﬁ%ﬁﬂrf@@@ﬁe é{hm%lsoﬁ’ﬁ“bﬁﬂ‘fl apdorally &r es
of a substrate. 5 WO 2006/105466 PCT/US2006/012151 [0010] FIG 3 presents a
cr oss- sect | dhemicaliasigitye of raagerdite themsuksirade at a liguid: pear-crijficab op Supercsticadr
selectively depositing materials on a surface, a sub- surface, and/or
pattern fedempesatofe fordhbésohant.a headnt sdurCe(siahpreesiace heing dispbsed in an .
cross-sectional view of a deposition vessel including a top vessel section,

a bott om vegsshbigethorpinl 2anrslatorip ewitly egrel he?attiﬁgi Fourdies) fondgendteesi &i on
chanber for selectively depositing materials. [0012] FI 4b presents a

Vessel 111 LTIt fRdlontefhobn on A B RpoS R sitack of i Spaks ae
i neluding iR 8S de i hiflefidl R SHBOSMEAor At & NRIda2E e ature or
condition for the substrate; and whereby heating of the substrate at the release
temperature releases the deposition material from the precursor selectively
depositing the deposition materiat to the surface in response to the temperature

gradient thereby controlling the location and/or thickness of the material deposited

to the surface or substrate.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates various temperature gradients at, in, on, through, or
along deposition surfaces, e.g., horizontal surfaces, vertical surfaces, and/or feature
pattern surfaces generated in one, two, and three dimensions in conjunction with
various heating source(s) for effecting selective deposition.

[0009] FIG. 2 illustrates a complete system of a bench-top scale design for
selectively depositing materials on surfaces, sub-surfaces, and/or in pattern features

of a substrate.



[0013] FIG 4c presents a vertical cross-sectional view of a bottom vessel
section of a deposition vessel illustrating feedthroughs to a heating
source, to a heat exchanger coil, and to thernocouples, according to an
enbodi mrent of the the invention. [0014] FIG 4d presents a verti cal
cross-sectional view of a center vessel section of a deposition vessel

i ncl udi ng MMEIS#HE, according to an enmbodi ment of t hBCHEPMPEIAE10of t he
i nvention. [0015] FIG 4e presents a horizontal cross-sectional (superior)
view of a bottom vessel section of a deposition vessel illustrating

conponents [gp40fed tHer egnpiddehtsdinGrgsdIgaitiondl Sheeof PRSESpdsion™eRE4INg
and securing the heating stage, feedthroughs providing entry and exit

poi nts for IyC I A X 0j S,
Becor di ng. + RUSRitier SomBBertS o aERicRl dly disbg Btheral o8 HPREE, RoRE &
conposite s ra | Sl ., vias), various |layers (e.qg.,
exposed Iay%@?cehéﬁ%/ﬁpBgf;t/éerr?'sffgg&%?%éﬁ?@ﬁg%&grs, | mbhedded 6 WD 2006/ 105466
PCT/ US2006/ 1 1 rs), surfaces (e.qg., external surfaces, flat

cur faces, nITEn: o Rif Ahincdsbrd Alectit LicheracBond e pr Sifposliof yesse
(e.g., feature surfaces), and/or other substrate, structures of a type
sui tabl e f olNCHIEINGCE QR VERSSH SPEIQN & hrtiore ¥eshah SBCHAN ANY Recenten aRsEbSeCtion017]
FIG 6 illustrates a conposite substrate, e.g., a sem conductor chip

coupon, il | defining adgpasitienpbamber for geladiivaly depositingomateraés.wi t h t he i nvention
for effecting deposition of a deposition material (e.g., rutheniumnetal)
sel ectivel y[0012]i ng FIGhdbrmtsemattvertval eaissisestidrel giew uf atdp vassebsqione to

the tenperature gradient. [0018] FIG 7 presents a Scanning El ectron
M crograph (SEMeptfidhNgessel illustrating inlet and outlet fines to a deposition chamber,
including dimensions, according to an embodiment of the invention.
[0013] FIG. 4c presents a vertical cross-sectional view of a bottom vessel
section of a depaosition vessel illustrating feedthroughs to a heating source, to a heat
exchanger coil, and to thermocouples, according to an embodiment of the the
invention.
[0014] FIG. 4d presents a vertical cross-sectional view of a center vessel
section of a deposition vessel including dimensions, according to an embodiment of
the apparatus of the invention.
{0015] FIG. 4e presents a horizontal cross-sectional (superior) view of a
bottom vessel section of a deposition vessel illustrating components mounted
therein including a heating stage, posts for mounting and securing the heating
stage, feedthroughs providing entry and exit points for electrical and thermocouple
wiring and heat exchanger coils, according to an embodiment of the invention.

[0016] FIG. 5 illustrates a composite substrate comprising features (e.g.,

vias), various layers (e.g., exposed layers, metal layers, thin-film layers, imbedded



sel ective deposition of rutheniumnetal in patterned features (vias) of a
sem conduct or chip substrate coupon in accordance with an enbodi nent of the

invention. [0019] FIG 8 illustrates a conposite substrate, e.g., a

sem conductor chip coupon, illustrating a further tenperature gradient in
accor dance W@ 1006/103¢66i nventi on for effecting depositi onPET/URB@PELTt i on
material (e.g., copper netal) selectively filling substrate pattern

features (vias) in response to the tenperature gradient. [0020] FIG 9
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il lustrating yet anot enperature gradient 1 n accordance Wt
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coating selected portions of the features in response to the tenpgratjure
radi ent . [IBSITeRT S =) S SLbe Krsslhne, BepERRRD. Ry pErudRaph VRENS
showi ng deposition of rutheniumnetal selectively in patterned features
(vias), cod V‘?@f'o”? WO 2006/ 105466 PCT/ US2006/ 012151 portions of the
features, of a sem conductor chip substrate, in accordance with an

enbodi nent E017he i n\FG: Boiustt@ios s cemposital substrater atges assaminpadiater chip
substrate, e.g., a sem conductor chip coupon, illustrating still yet

anot her t engupahy ilistratiog enternperaturer gradizat Wh taccoidancenwitihtthe nintentioaf faect i ng
deposition of a deposition nmaterial (e.g., rutheniummnetal) to external

surfaces angtfdctingaiebesiflon efh Hepdsitivh atateri®-(8.g., ruthedidr@Pndtan selcaalaly Silngace-
down deposition node, selectively coating the features and surfaces in

esponse }\Aoscurﬁggggép panan Wigﬁeg%éggg,i #88y in r&peRke 6 fhe thinRUrSRFS bfacientcanni ng

[0018] FIG. 7 presents a Scanning Electron Micrograph (SEM) showing
selective deposition of ruthenium metal in patterned features (vias) of a
semiconductor chip substrate coupon in accordance with an f—;mbodiment of the
invention.

[0019] FIG. 8 illustrates a composite substrate, e.g., a semiconductor chip
coupon, illustrating a further temperature gradient in accordance with the invention
for effecting deposition of a deposition material {e.g., copper metal) selectively filling
substrate pattern features (vias) in response to the temperature gradient.

[0020] FIG. 9 illustrates a composite substrate, e.g., a semiconductor chip
coupon, illustrating yet another temperature gradient in accordance with the
invention for effecting deposition, e.g., in a bottom-up deposition mode, of a
deposition material (e.g., ruthenium metal) in pattern features (vias) coating
selected portions of the features in response to the temperature gradient.

[0021] FIG. 10 presents a Scanning Electron Micrograph {(SEM) showing

deposition of ruthenium metal selectively in patterned features (vias), coating



sel ective deposition in response to a tenperature gradi ent of ruthenium
nmetal on top (external) surfaces and al ong vertical and horizontal surfaces
of a patterned feature (e.g., via) coating the features of a sem conductor
chip substrate, in accordance with the invention. DETAI LED DESCRI PTI ON

[ 0024] Whi WO wh@1054@sent |1 nvention i s descri bed herei n WCT/HS2086/@2BAce t O

nmet hod(s), apparatus, systen(s), and enbodi nents thereof, it should be
understood that the invention is not limted thereto, and various

al ternati Veﬁoﬂgﬂrslsf.: gi; gﬂe;‘fé%tttﬂrgkabﬂ a s@ﬁ%c&ﬁu%ﬁﬁ%hﬁd“gﬁ&‘[tfét@‘ %hhaé;sﬁgr%%%rkﬂtﬁ‘% pf rom

the spirit an i nvent1on n particu In the

art wll ap@ﬁ\%ﬁlﬁ"e‘?\tro?g’fle .ﬁ%ﬁ}ldﬁ' ng, intermxing, and/or applying various

fluids, preCursors reagénts as described herein nmay be practiced in
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conprise use of hi ?h pressure punps and punpi ng cﬁstem; vari ous and/ or

mul tipl e cheMRons lushigling sl wa) nesharoemPeraties QERdioRl Br ageseansa wih BRd/ or
systens for transferri ng, noving, transporting, conbining, mXing,

del i veri ng amentom topsifecting depossiicn of audepeslt:ommmeml((g)g ﬂémum(mptal) tand/ or
precursor(s). Associ ated application and/or processing steps for utilizing

the fl ui dsexérrdhaufaessanditovgattaro featurdso(vige)s-gor inc astepn@xiephdlp stiface-of
waste materials and chem cal constituents are al so envi si oned and
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[ 0025] The rate of heat transfer in a substrate, material, or fluid depends

in part ong t ctivity of the substrate, materlal or fluid.

Ther nal congﬁgﬁp\%ﬁ W‘ew‘f relates the heat flux (WnR) £l oW ng

through a nmpgersal IfFlqu. 12 presents a Scanning Electron Micrograph (SEM) showing
selective deposition in response to a temperature gradient of ruthenium metal on
top (external) surfaces and along vertical and horizontal surfaces of a patterned

feature (e.g., via) coating the features of a semiconductor chip substrate, in

accordance with the invention.

DETAILED DESCRIPTION

[0024] 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. In
particular, those of skill in the art will appreciate that combining, intermixing, and/or
applying various fluids, precursors, and/or reagents as described herein may be

practiced in various and alternate ways. For example, application of the method



certain tenperature gradient (AT per unit distance, e.g., K/'n) exists.

Sel ective deposition to a material, surface, or substrate is effected in
response to a tenperature gradient at, in, on, and/or along the surface
where deposition is desired, which in turn is affected by the thernal
conduct i vi P BP610RE6vari ous fluids, solvents, and/ or nBEEPSMPEOIBSEsent in
the deposition environnent. For exanple, the thermal conductivity of a

sel ected solvent determines its ability to dissipate heat froma surface or
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effected in, ., a deposition c conductivity
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energy transport expected .through the mateyial(s) of the substrate or
water, The URIRENRP ShmstaR it ore VS90S (o AR A Amd . (PRTRRESy
determ nes the tenperature gradient 9 WO 2006/ 105466 PCT/US2006/ 012151
est abl i shedcqabpigingy BXRY.RlivaHRG apd/og appivipei vabrva fuigis)y eplveriks)) reausat(sh
patterns (e.g., via), or otherw se conplex surfaces of a substrate or
mat eri al . GIRNGEQr priesursor(@hpesaciated agplication apd/or grocassing stepe fercutitiging the
deposition area or surface may not be directly neasurable, to a first
appr oxi mat i fuids bhéhd prgsenainveation adifempostayodessings solleetion @f easte Imaterals
tenmperature function calculated as the difference in tenperature (e.g., T.

- T2) bet weednd ¥eernieaPsdrivtitudnts afndist Shvidionedethdoanddigpdtiset diesoy, ketwead t he
| ocati ons, as shown fromequation (1]: AT (Ti-T2) [1] AL (Li-L2) For
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vertically ggzs5) The rate of heat transfer in a substrate, material, or fluid depends in
part on the thermal conductivity of the substrate, material, or fluid. Thermal
conductivity (W.cm™'K™) relates the heat flux (W/m?) flowing through a material if a
certain temperature gradient (AT per unit distance, e.g., K/m) exists. Selective
deposition to a material, surface, or substrate is effected in response to a
temperature gradient at, in, on, and/or along the surface where deposition is
desired, which in turn is affected by the thermal conductivity of the various fiuids,
solvents, and/or materials present in the deposition environment. For example, the
thermal conductivity of a selected solvent determines its ability to dissipate heat
from a surface or a substrate in contact with the solvent and thus the temperature
control effected in, e.g., a deposition chamber. Likewise, the thermal conductivity of
a material or substrate, e.g., an LKD (insulating) layer of a semiconductor chip
substrate or composite wafer, determines, e.g., the energy transport expected

through the material(s) of the substrate or wafer. The change in temperature

realized through a material ultimately determines the temperature gradient



t hrough the substrate between, e.g., the substrate layer in contact with the
heating source at a first location L, and tenperature Ti and a | ayer at a
second location L2 and tenperature T2, e.g., an external |ayer distal to

t he source, the distance between the two |ocations being given by the

di fferenceMapiosdeom this information, the approxi naPEl/UsipEratsiire at a
desired deposition surface along the tenperature gradient nmay be estinated.
Tenperatures at sel ected deposition surfaces in multilayered or conposite

substrates ggpbiRfiod!rdlakids 'ty SRBESK (4! fﬁ(émzbma: B Vefliosl)! foaie! @itieffis FBIP! &

tenperatures neasured at a top sur external) and ottom sur
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t hrough t he bSt rate per € expécted tenperature Op per unit

di stance algng that gradient to,be calcu d, fromwhich t erature(s) of
any. - deposi BITsafiesia Bt of Yo & Beleiel SRras (el PARS B AL P B b
As will be 10 WO 2006/ 105466 PCT/ U52006/ 012151 understood by the person of
skill in thdregty meawrable itpya tﬂbstg%‘?%%lﬂ'@t'?'é-ngﬁr frperatye gregiant A 88 as a
function of the material, surface, or substrate (e.g., sem conductor chips
and waf er s)asssiongsode thera dneandempertie functisnbealculgied @sgthe diferance in
nonnetal , polyner), nature of the material or substrate (e.g., honbgeneous,

het er ogeneotespepaturus.g.ndn oy metween dwo laations (Lgartlict) idhded by ey distance
conducting), orientation of deposition surfaces (e.g., angled, vertical,

hori zont al , hdthabh thereatibiey, Bl shodPITEbe eiguafion(@); of selected material (s),
reagent (s), fluid(s), and solvent(s) utilized in the deposition

envi ronnment. [0026] Tenperature achigvedrat surface due to a tenperature
gradient generated at, in, on, thr&%ﬁg&w&zl ong a surface will ne@l or
exceed the rel ease tenperature for 4 e(éllc,fp@%iti on material precursor, as
denoted by the follow ng

For example, a heating source in thermal contact with the boitom of a

semiconductor chip or wafer substrate generates a temperature gradient vertically
through the substrate between, e.g., the substrate layer in contact with the heating
source at a first location Ly and temperature T1 and a layer at a second location L;
and temperature Tz, e.g., an external layer distal to the source, the distance
between the two locations being given by the difference L4-L.. From this
information, the approximate temperature at a desired deposition surface along the
temperature gradient may be estimated. Temperatures at selected deposition
surfaces in multilayered or composite substrates may be similarly approximated. In
but one illustrative example, temperatures measured at a top surface (external) and
a bottom surface (external) of a substrate along a vertical temperature gradient
generated through the substrate permits the expected temperature drop per unit
distance along that gradient to be calculated, from which temperature(s) of any

deposition surface (e.g., pattern featured surface) can be estimated. As will be
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inequality [2]: Tsurface ? Trelease [2] where Tsurface is the tenperature
at, in, on, or along the deposition surface and Trelease is the rel ease
tenperature for the precursor. The term "rel ease tenperature” as used
herein refers to the tenperature at which a deposition nmaterial is rel eased
froma precdtiP3¥p/18¥e4 s ot herwi se made available for dep@sirtusensnely. , by
chem cal displacenent, dissociation, or thermal deconposition of the
precursor. For exanple a precursor conposed of a polyner is made avail abl e

("rel eased o, t k the. f [ at

caual o or sefiieod 8BRS é;f@naﬁiogi%ﬁ!w bl e, BT 6 %Té@”ﬁe?n&rg{u?e
tenperature”) of t ..l n.anot net al n_an

or ganonet a|qr%q;egt,seyap§%r¥ Qt'%aﬁ’{]%ﬁ’ emaﬁpab,osgﬁ'gge 1(5’54 st"aqe (e.9.,
PCT/ US2006/ 012151 gmrel eased ) for deposition at the djssociation or

ther mal deGSAPSRNAUCEN ¢hipsapdt Wafers)s GPMPH@""Q’F‘élfdh@d?"ate{r@b@?]sqbﬁtf@@n@% t he
greater the difference between tenperatures T, and T2, (i.e., Ti -T2) in a
speci fi ed treaipbrenmedalgpakimen, nasire rof dhexmatental los saibsisate (e1g.ahambgeneaise
better the deposition selectivity (e.g., at a location), thernodynam c and
Kinetic rdistsrogéne®mzospdrons, nandgoteud, riabulafing,i comdudtiogneadghly Teenduetisgiy of
skill in the art will further understand that tenperatures at which

deposi tion d?i%ﬁtﬁtlo\'\ﬂdﬂde}zsaélt{o@§uﬂacésl{@¢§ | aiyied, VieRfabRFRBAR Flabe bAg testmaNo
limtati ons are hereby intended. tenperature gradients and precursors

her el n. [0 o%@}’ﬁﬁs%ﬁ%f%%ﬁ%%@%?‘%@ész%%ﬁ o g(eH prd sEvRRS] aEB
i nvention i ﬁe@%bg&{l%ﬁﬁ%nﬁﬁenﬁhem stries associated with tenperature only

(e.qg., prec

[0026] Temperature achieved at a surface due to a temperature gradient
generated at, in, on, through, or along a surface will meet or exceed the release
temperature for the deposition material precursor, as denoted by the following -
inequality [2]:

Tsurtace 2 Trelease 2]
where Tsuface iS the temperature at, in, on, or along the deposition surface and
Treicase IS the release temperature for the precursor. The term “release temperature”
as used herein refers to the temperature at which a deposition material is released
from a precursor or is otherwise made available for deposition, e.g., by chemical
displacement, dissociation, or thermal decomposition of the precursor. For
example, a precursor composed of a polymer is made available (‘reieased”) for
deposition at a surface when the surface temperature equals or exceeds the
polymerization temperature (its “release temperature™) of the polymer. In another

example, a metal present in an organometallic precursor is made available
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rel ease deposition materials in response to tenperatures). In particular,
both deposition and rel ease chem stries are al so controlled and/ or

i nfluenced by such factors as pressure, catalysis, concentration, reaction
rates (e.g., deconposition), other rate paraneters (e.g., thernodynam c
rates, ki n&QWo¢Hs#ss diffusion rates), and the |ike, BET/ESWHAHALSIONS
thereof. Control of material concentration as a deposition paraneter, for
exanple, has inplications for selective deposition of rrat erial (s) ‘related

t o manuf act ugd g PHeb S @ uct or
chip substrgt es gﬁ:}%r glgvr cergatg@ﬁg#r uc ﬁéﬁﬁqéﬁée'ﬁ{r?’% 6grrg ﬂrrgcture
of tiny d in advanced nens structures, snall

canti | evergﬂ‘mﬂesgljeBB g@' ot her SI m | ar nmechani cal devices on or vvithi n

il f bstrat ct t
Ce.q. . 3 di M9R2 onal 11 Gttt S@b%é’atééwscﬁﬁgsg'ﬁ Briroct ome TeereL bt T
PCTI US2006/ 12151 ith other material ( . ref| |1 ngl) in accordance
with the pré8entt iTal B SBRCIfigg remmré'&g@eé%dle%%%fnem WO lRERRNSler Affeter s

generating conditions suitable for selective deposition of materials to
subst r at es thedratier $hie tapesitiars salestvityoled. hat ailocatiank themmodyrnamic eod nedit t he
present invention. No |limtations are hereby intended. [0029] FIG |

i |l ustr at esratess obdépatitiorg Znkacont®! wifilno thickneds Milhel péreos wf fskitldn the rmed witli ng,
but not limted to horizontal surfaces 2, vertical surfaces 3, feature

surfaces 4, fueberumdersiand apas témp@réﬂﬁé@‘]bt' WhRHd@shSsiidrA@eeud will Vany disné
portions and sections thereof 7. As illustrated in the figure, various

t enper at ur ef arAsH et td e@ecﬁr}gréjese%ec?é'd. ajgd lrb‘l‘ttalﬁgr‘ri]'s} Uilet Ithché" ul?teh!j&? %rll

di fferent heating sourc In any orien or an on,

LT e RN A e T

heat i ng Sourﬁaré |nec!3rep%rate%EHerQ%atl ng sources, resistive heating
[0028] As will be recognized by those of skill in the art, the invention is not
limited to chemistries associated with 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, reaction rates (e.g., decomposition),
other rate parameters (e.g., thermodynamic rates, kinetic rates, diffusion rates), and
the like, or combinations thereof. Control of material concentration as a deposition
parameter, for example, has implications for selective deposition of material(s)
related to manufacturing and/or repair of substrates, including, e.g., semiconductor
chip substrates and/or devices constructed thereon. For example, manufacture of
tiny devices including, e.g., advanced mems structures, small cantilevers, fans, and

other similar mechanical devices on or within silicon wafer substrates, can involve

selectively removing material(s) (e.g., 3-dimensionally} and selectively depositing
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sources, ultrasonic heating sources, mechanical heating sources, chem cal
heating sources, or conbinations thereof. Alternatively, substrate 42 may
be rotated or oriented such that tenperature gradients nmay be generated at,
in, on, through, or along deposition surfaces in conjunction with heating
source(s) MO 2E/1W46G t ati ons are hereby intended. [003FCTAsS20usl0k2150e

recogni zed by the person of skill in the art, tenperature gradients wll
vary in width fromnarrow to w de encorrpassi ng, e.g., a narrow portion 7 or

section of a rial, ar ernat Ly _enconpassin e.g.,.. a ent
substrat e svﬂ'hfaﬁ"?r @atpg@i&% “Qr (H flg] e a%@%@?ﬁt"ﬂﬁk“{ﬁ gEﬁsﬁﬁ'?énVr?QJ el
generated in one, and three di nensions conformng to surfaces, planes,
| ayers, pathe‘FefﬁsePedT‘Bﬁj%lg‘esanﬁﬂ Pr o HamerS#pPeRer 'PQCPBF@'QO'@% guitableofor and

t hree-di nensional 13 WO 2006/ 105466 PCTI US2006/ 012151 structures (e.g

dual darasc@ifstive depositier of meateriyls dompbsiratge Grdiarissefaces as dasariped) herﬁm erial
deposition can be pronoted selectively on a two-di nensional flat surface
(e.g., horiarentithin theyssope of the smsentndendioor Nalinitations are heoelpoistengled. or a
portion thereof, using tenperature gradients generated vertically downward

t hrough H‘@OﬂwfaCGF@G h ayistrasesch substrath e¥RoRsvAng Variohis bhe ragnpiel durfites
surface or limted portion thereof equals or exceeds the rel ease

tenper at Ur%él@ém%“%u?ﬁf‘diuﬁrﬁ@é b“hon?égﬁfé?eéur%éégpiev ﬁucéﬁ%ﬁﬁ?ééé”:ie 13hRs ent

generated through a horizonta I mensi onal sur ace or layer wherein two

Lemper at ur &5ubol e RIREY Al B0k ABULy AREIBAP BARLY 61 Bl Bifons

sur f ace, ectrve ep03| tTon can 'bé mani pul a

LT VI NG N mee@a@dgaer%u%»g&%ﬁ@w SRRt

f,‘gfjdtsf'et Llr,%nsbg Sée\ag}altec? ?n %E)rqj%ct%l{ %ﬁ% uIlrkgsorI crllif(‘:fcler%?llt hgeatir?ggJ tsoﬂ?cte(sl)I 2(1) ﬁnegn§z°
orientation or any depth at, in, on, through, or along surfaces of a material or
substrate. Heating sources 40 include, but are not limited to, infra-red heating
sources, convective heating sources, slectrical heating sources, resistive heating
sources, ultrasonic heating sources, mechanical heating sources, chemical heating
sources, or combinations thereof. Alternatively, substrate 42 may be rotated or
oriented such that temperature gradienis may be generated at, in, on, through, or
along deposition surfaces in conjunction with heating source(s) 40. No limitations
are hereby intended.
[0030] As will be recognized by the person of skill in the art, temperature
gradients will vary in width from narrow to wide encompassing, e.g., & narrow
portion 7 or section of a material or alternatively encompassing, e.g., an entire
substrate surface or layer. Furthermore, temperature gradients may be generated

in one, two, and three dimensions conforming to surfaces, planes, layers, pattern

features, and/or other complex structures (e.g., two- and three-dimensional
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and interconnected tunnels having conplex three dinensional surfaces. In
addition, deposition can be selectively directed to alimted |ocation or
area of a substrate or surface, including portions thereof, or
alternativelg cover the entire deposition surface. [00311 The person of
skill in tHROAW6/19§469 furt her recogni ze that tenperatur @cTgrsasicentist f or
sel ective control of deposition nmay also be varied in tine. For exanple,
tenperature gradients nay be varied using, e.g., tenperature programm ng.

In a stati e | S | e t adients. . caontrol
of tenper afs&rﬁ,xg@%agg% g?%':??m@yf;é@? sgrgltcﬁ.@%éc)sﬁ?\ﬁéﬁ ﬁrﬁegﬁe&&m&%\ﬁg%%r when
tenperatures are nmanj pul at ed.dynam cal | e. q. .hrough tenpgrature

progr anmi ng*%xa&?ﬁ%r'a?teﬁﬁ'l ‘?%‘?ﬂf‘é"f' cALRe Pffi/mﬂ}tﬁp%ﬁl?scrt'f’%lﬁﬁg} %#WP“ iMeagPRA @t has
an 14 WO 2006/ 105466 PCTI US2006/ 012151 effect on deposition thickness.

Addi t i onal 15¢rfagadRtd-t Horrondalplgyensi oha mendieonduciigrubsipie (05 MoMAAsita), s em
e.g., by control of precursor or reagent concentration, affects deposition
t hi ckness. pantientheneeidusinatiemperateneagradie(ts)generatad gieviinally slopameard through

gradi ent may be programmed to decrease, remain constant, or increase for

periods tHhe sunfageior lbyereshdie et temipbeattrengf thel depositiordeprfacd iopra limmited
exanpl e, ranping of surface tenperature(s) of a given substrate can be

ef fected bypgdidretetgot equgisasiercectl thbUictbage! temputate Ifor §RNtprsdurddrt nt he
substrate surface. In yet another enbodinment, tenperature(s) for a given

e 2t SR R £ AoROEATTErkd e BEREAR Woubh T oy xed

o B oS Rel ARSURe o SRS M o P BB

temperature gradients  related, Lo sglectiye deposi Lion are | ncorporal gd
manipulation of temperatures therein. Further, temperature gradients may be
generated in various materials, substrates, and features (e.g., trenches, wells, vias,
and the like), as well as other structures including, but not limited to, voids, tunnels,
and interconnected tunnels having complex three dimensional surfaces. in addition,
deposition can be selectively directed to a limited location or area of a substrate or
surface, including portions thereof, or alternatively cover the entire deposition
surface.
[0031] The person of skill in the art will further recognize that temperature
gradients for selective control of deposition may also be varied in time. For
example, temperature gradients may be varied using, e.9., temperature
programming. In a static temperature system with static temperature gradients,
control of temperatures has no direct effect on deposition thickness. However,

when temperatures are manipulated dynamically, e.g., through temperaiure

programming, control of temperatures for various temperature gradients has an
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(0032] In an enbodi ment of the invention, materials may be selectively
deposited to limted areas 7 of a substrate 42 in conjunction with nultiple
heat sources 40. In but one illustrative exanple, a first heating source,
e.g., a conducting filament, is inserted in a substrate extendi ng through

t he substr a¥@2001&H6ext eri or surface. The conducting fiPCAESAe6AIRISH iS in
thermal contact wth a second heating source generates a tenperature

gradi ent through the substrate to the surface along the conducting fil ament

| 1y h
wbove 1 ho eRagh erBSlih ity * MaoRionbll AANEH/ B Sebdsifon, ﬁgﬁ% i

t | | d d t d d
noati ng.  ACVEJRTE N Aok &ﬁ@%ﬁ:@@ iyt pEprBRURer BF rengtot Sondinifhsle, afede ' ©°©
reference to FIG 2. 15 WD 2006/ 105466 PCT/ US2006/ 012151 [0033] FIG 2
i 1 ust r at esieRosifap| thickners, d8i 2 eMkadiment temperaiumsisicior & oiem empasatug® f or

practicing the process of the invention, according to an enbodi nent of the
i nvent i on. geydienthmay beoprpgrasesed t@ldpo&&asememmﬁlssenstaat.foorinaiemﬁsfqripeqods
materials selectively on a substrate, e.g., within patterned features of a
sem conducttoat veafan tine tlserbby reffiecting/seketivel depasitidras Foo exasylle,eramgihgiof
source 14, e.g., ultra-high-purity @02, and an optional reagent source 16,

e.g., hydragemcé Q&né&@atur@(sq&ﬁw@véﬁsum% éﬁﬁ‘b@ érfe‘étéﬁibwaﬂém?gjtérﬁbéwﬁﬁr@m 10
and vessel 12 by feed punp 18, e.g., a nodel

m croproceq;;ql[, SO i Aé)eﬂ c?ﬁéd?%ﬁthﬁge%uﬁéms'éﬂ%gﬁp !'g ﬁ%‘nﬁthé}'@nﬁd&méﬁﬂ' d

connecti on V\At t” source Vi ces an ts conprising system

it o S BTBAI TR P ! AR o
i dbey | s1tGH1E.10 rHRpOest PRI 48 Cepigers MLIAG BURCHES FomnatPpsd ket et o
Sofvent Tl c()j il%?taglongsrgrgl{ﬁt%gded All temperature variables and/or programming as will be
implemented by the person of skill in the art for generation of temperature grgdients
related to selective deposition are incorporated herein.
[0032] In an embodiment of the invention, materials may be selectively
deposited to limited areas 7 of a substrate 42 in conjunction with multiple heat
sources 40. In but one illustrative example, a first heating source, e.g., a conducting
filament, is inserted in a substrate extending through the substrate to an exterior
surface. The conducting filament which is in thermal contact with a second heating
source generates a temperature gradient through the substrate to the surface along
the conducting filament locally heating the external surface of the substrate fo a
temperature above the release temperature for the precursor, whereby a deposition

material is selectively deposited at the point or limited area of localized heating. A

system for selective deposition will now be described with reference to FIG. 2.

I3



vessel 12 via a standard valve 22, e.g., a nodel 15-11AF1 two-way straight
valve (H gh Pressure Equi pnment Co., Erie, PA) or a nodel 15-15AF1

t hree-way/t wo-stem connection valve (H gh Pressure Equi prent Co., Erie, PA)
or other appropriate valve 22, fromtransfer line 20 | eading from punp 18
to vessel WOREHSe6t fluid is introduced to vessel 12PETURI0P@EQENt source
16 through a standard valve 22, e.g., a nodel 15-11AFI two-way straight

val ve (H gh Pressure Equi pnent Co., Erie, PA). Solvents, reagents,

1 f laiods - : . : b 36
rior to i e33ict i oftes HRtaRe StafifeRthomiRlonieystord M G1E Befthiof S |

t ube-t ' Lng. ddi sop. . TX) i | 12
for- masureh,REEESIE NEF brosaPS ot 43¢ BB Bonucdber g SEHFCO e et ar

di splay. Vi I 6 2006/,105466. PCT/ US2006/ 012151 [ nted to,

St andard 1 18 THSOHORH SYSE A0KomRTises A AARpaSD Yeaoe 12 G erdsRug Sl e

12 is further c.oulpl ed to a rupture disk assenbly 28, e.g., a nodel 15-61AF1
saf ety heads&{egtiyalymneasiubstreieu eghewithiopattemadeieatuses of @ssmicagduster wafer
pressuri zation of vessel 12. Vessel 12 is coupled electrically to current

source 30 draubltrate. ny/esabki2 aveples talafdobiedt fluidtaoudes: 44, ¢.9. wdtabightpurityessel
12 is further linked to cooling source 32, e.g., a circulation bath or a

cool i ng wat@,,| amg,arf optiomalNte2igehingource MBr &yYrieydrogereg9e/5%2. Presqeedsur e
of vessel 12 is displayed by standard thernocouple tenperature display(s)

34. [0034] grbgrapfhe@anal malftdihed fh e 10 ¥hd LesRG A2y eddBimB A, RIEENS | S
application driven and can be appropriately scaled and configured to address

e s RSB0 AR Bl SRy BORSCEP e, 000 ey,
nventi on. 85 SHARAS: wiFRU8\BR YolRE AR BEVBLS SR cBhp3heSR B RBlGhe S°2' ©
system 10 are operatively linked via 0.020-0.030 inch 1.D. and 1/16™-inch O.D. high-
pressure liquid chromatography (HPLC) transfer line(s) 20 composed of a high-
strength polymer comprising PEEK™ (Upchurch Scientific Inc., Whidbey Island,
WA) or stainless steel tubing, but is not limited thereto. Solvent fluid is introduced to
vessel 12 via a standard valve 22, e.g., a model 15-11AF1 two-way straight valve
(High Pressure Equipment Co., Erie, PA)} or a model 15-15AF1 three-way/two-stem
connection valve (High Pressure Equipment Co., Erie, PA) or other appropriate
valve 22, from fransfer line 20 leading from pump 18 to vessel 12. Reagent fluid is
introduced to vessel 12 from reagent source 16 through a standard valve 22, e.qg., a
model 15-11AF1 two-way straight valve (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 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 or alternative pressure readout or display. Vessel
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waf ers and sem conductor substrates may incorporate various transfer systens
and devices, delivery systens, spraying equi pnent and/or devices, chanbers,
conputer integration and control, and/or other allied processing systens,
devi ces, and/or equi pnent conponents. Thus, no limtation is intended to

t he bench- Wedoes/r08&6t i on vessel design described herei PCT/B§100&@ISprent and
conponents as woul d be selected by those of skill in the art are hereby

i ncor porated. Conponents internal to vessel 12 will now be described with

reference t

deposi t1 on @%’éﬁf‘%ﬂ%gﬁ%  menBEHEMGh £ BRRL BFF 23 B hlhEe ]
surfaces ( tal and/ I C surf substr

sem conduct 859&1@2 ﬁ‘l COHBIPFEW? W@Q‘Fﬁlﬂa@ assf'?‘wgo%/ 1%5'5@@??5 By

PCTI US2006/ 0 2151 sub-surfaces, and/or other_conpl ex three-di nensional

surfaces (eS@ety Viads, (H'%n@r§§sur%cc;5(§iﬂmmﬂ‘tt&°an Hﬁod?ﬁ%npr‘l}f@nﬁ'ﬂ@ over-
I nvention. Vessel 12 conprises a heating stage (T:l a 25 mm

gr aphi t e- baRi@ssgizagpe of MesTall hhalesseld2 mcnmme@del@ewm w49 cusentosaysee BPe,
OH) nmounted to ceram c staging posts (stand-offs) with a M2 (graphite)

nmount i ng Ki for hdating sudestrates ame fluids lintreduced & eesset 421 ¢/eRbE 121is. fuHteat linkgd
stage 38 enploys an internal heating source 40, e.g., a graphite heater core

or resistiecdting SbURIEBE M. g., laOsirduRAibh Mt BPatdodlisg %t@oﬁﬂé ifeon@dintdiniphage
38. Substrate 42 is held in place on stage 38 by, e.g., a holdlng clip 43

or other hoﬂeﬁﬁd&atﬁ"ﬁ‘é"}i vesE@laﬁzeXEBﬁ‘ﬁ%F‘aﬁué“oP%Qéél i$ cﬁ’ér{ﬂé?égoby Qén@é?@' Ing

coi |l s made nch stal nl ess-steel tubi

Flu sy, soedbafile it aio MM Cou Bgveéiﬁeiit”{? il % o e’

[ocogn zed B, o b e g PR S50 e

nays ust ng’agﬁlicéfion driven and can be appropriately scaled and configured to address
specific applications, industrial requirements, processes, and/or manufacturing
purposes without deviating from the spirit and scope of the invention. For example,
manufacturing and/or processing of commercial scale (e.g., 300 mm diameter)
wafers and semiconductor substrates may incorporate various transfer systems and
devices, delivery systems, spraying equipment and/or devices, chambers, computer
integration and control, and/or other allied processing systems, devices, and/or
equipment components. Thus, no limitation is intended to the bench-scale reaction
vessel design described herein. All equipment and componenis as would be
selected by those of skill in the art are hereby incorporated. Components intemal to
vessel 12 will now be described with reference to FIG. 3.
[0035] FIG. 3 presents a cross-sectional view of a deposition vessel 12

{(chamber) for selectively depositing materials to surfaces (e.g., horizontal and/or

vertical surfaces), substrates (e.g., semiconductor substrates), pattern features,
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cooling towers, chillers, refrigeration units, tenperature controllers,
thernostats, heat exchangers, or |ike devices and systens. No limtation is
thus intended. In the instant configuration, coils of exchanger 44 couple
to cooling source 32 through feedthrough(s) 54 that enters vessel 12

t hr ough t heVBa3tsami4eessel section 72, described furtherrdraiawsiomisef er ence
to FIG 4c. Feedthrough 54 is sealed using 1/8 inch high-pressure fittings
(e.g., PEEK fittings from UpChurch Scientific Inc. Wi dbey | sl and, WA).

Cranst or mefUpaEaors end g %E)gré?ﬁﬁﬁ%ﬂwaiﬁa&%c%@@w YidE ot ¢ nat

enters vessel 12 through f edthr h 46 | oc bottom vessel . section

72. Ther mo@§6pIHING t9an @My Wé?'ﬂﬁt%b E%QaéP“SEﬁgﬁ beatingrjage 18 wo
2006/ 105466 PCT/ U82006/012151 St anford, CIT) ositioned to neasure

t enper at ur 88, ierg.v @s82Imm2graphiie-base bmaeleetgc shag rd@E drdveneed (Garamics,

and/ or of solvent fluid 59 (and reagents soluble therein), 1inking

el ectri cal ISirangstibep @t imeurded ploayerkenic cetagby @obtsr maﬂandmfﬁséeswiﬂh 42W2 a
t hernocouple lead wiring 52 that enters vessel 12 through a separate

f eedt hr oughigraphitéoguatng Ritbaes@ibedefaftRbr BE6W PNreférenbetio FIGI ¢, I Bisbtingt ed
t hereto. Feedthrough(s) 46 are seal ed using high-pressure fitting(s), e.g.

stainless sigpl 3 ﬁ'érﬁblﬁgé 5&9@;@& ri‘ EQurcbo é:éh Fé‘pﬁﬁﬂehﬁ?éﬁl“(c&e BF

passage neans (e.dg., prOV|ded essary I'i nki ng

devi ces ex?&é@l‘ﬂ}e I]iéétt‘-freé@ﬁ{enﬁor I?@aqq;m(gsgub?&§§f1f§§§tlcﬂwedoéfF‘. COEL{bsttrate

t enperature seal in ves prio 1 on oOf uents.
Vessel 12 f [ co i ses_an t i onal hoI es a cruci bl e,
For i soerll el §F Roe oot Y b $ana palind I fip@@ﬂﬁ?ﬂ% o e
optionally pren1xed wi th sol vent and/or other reagents in a _prem xing cel
36 prior td&leat gxehanger Adcomprises sapiurality feaptingeails wedpomentof 1/&Bgh &, and

i nstrunments may be
stainless-steel tubing. Coils of exchanger 44 surround heating stage 38 providing

temperature control to fluid(s), substrates, or wafer(s) introduced to vessel 12. It will
be recognized by those of skill in the art that temperature control (e.g., cooling
and/or heating) of vessel 12 may be achieved in various alternate ways using, e.g.,
cooling towers, chillers, refrigeration units, temperature éontrollers, thermostats,
heat exchangers, or like devices and systems. No limitation is thus intended. In the
instant configuration, coils of exchanger 44 couple to cooling source 32 through
feedthrough(s) 54 that enters vessel 12 through the bottom vessel section 72,
described further below in reference to FIG. 4c. Feedthrough 54 is sealed using 1/8
inch high-pressure fittings (e.g., PEEK fittings from UpChurch Scientific Inc.,
Whidbey Island, WA). Current source 30 for heating stage 38, e.g., a 0-400 VAC
variable (variac) transformer (ISE, Inc., Cleveland, OH) links to stage 38 via wiring
48 that enters vessel 12 through feedthrough 46 located in bottom vesse! section

72. Thermocouples 50, e.g., Type-K thermocouples (Omega, Engineering,
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enpl oyed wit hout reservation, e.g., for data collection/ measurenment, process
control, or other requirenents. Equi pnent including, but not limted to,
cooling and/or heating devices, deposition chanbers, reaction chanbers,
fluid or reagent m xing devices and vessels, transferring systens and

devi ces, cOhWOEI0SHet er f aces, and robotic systens/equi paBNS20ag0RIg1] be

sel ected by the person of skill in the art are hereby incorporated.
Deposition vessel 12 will now be further described with reference to FIGS.

da-de. 19038hnidd cijabe bg&a&gé@@ RedSikleRbettRs 1 664D e;a'(,fc;rr H¥ati

deposi tion vessel”’ , series ench Top Par react or

(Moline, IlJlino,Ls) Vi - I | g8, | 0 el
Secti on 70, 40538 o R ARG ORGSR 39 a R TR RerlBst b 2151
and a center vessel section 74 nmachined of a refractor al, e.g., .
Tt ani um 18610 BirstiFgly 48, temReTare: cinik Shionn Sh ot 4ol Versal A2evi ¢ n
split CGtype clanps 76 that nmount sliding over securing rimportions 78
machi ned i ADeMRREONPET Ieaﬂdfélr"ﬂgﬁzbﬂ?ﬁi srtere vessl 12&hfauohra Sepataie feqdihoygl
respectively, effecting a pressure and tenperature seal in vessel 12.
Cl anps 76 ditelosatedrindottanpyessel seclion 72¢ batis nob vestiicied itheretd. ngeaihisagh(s) oned
about the perineter of clanps 76. Wien assenbled, top section 70, bottom
section 72,46ark sealedrusieg highaprédsuref fittheg(s), elgpatainiess stdelnfitting8 ACONANM, ndow
84 conposed of sapphire (Crystal Systens Inc., Salem NA 01970) is _
optional | y mefilé,i NYSd OtAet %bdfﬁ%ﬁ%h(s?%t p&ssade ﬁﬁanbn(%g@.?tddhﬂuit@”%a‘?b@@r Vi ng
phase and m xi ng behavi or of fluids and reagents introduced to ‘chanber 82.
Chanber 82 /.s.QRfi ' 3 | 4. 1 J ' | a

IrB RSl o cekeahy TECTh AU bR RO vl P2 SRR s Bl o

hi gh perfornmance camera Y

OCD carnera pgrggﬁh’e %%H%Sm%%?&ﬂ?et geaﬁno\lljé)SSerl 9!—.&1 t%\’\lﬂtrow(c,)tioﬁool‘fQllu%dcénostiﬁients.

Vessel 12 further comprises an optional holding vessel 56, e.g., a crucible, for

dispersing precursor 58 into solvent fluid §9. Precursor 58 may be optionally
premixed with solvent and/or other reagents in a premixing cell 36 prior to
introduction to vessel 12. Additional components, devices, and instruments may be
employed without reservation, e.g., for data collection/measurement, process
control, or other requirements. Equipment including, but not limited to, cooling
and/or heating devices, deposition chambers, reaction chambers, fluid or reagent
mixing devices and vessels, fransferring systems and devices, computer interfaces,
and robotic systems/equipment as will be selected by the person of skill in the art
are hereby incorporated. Deposition vessel 12 will now be further described with
reference to FIGS. da-4e.

[0036] FIG. 4a illustrates a vertical cross-sectional view of a deposition vessel
12, e.g., a series 4560 Mini Bench Top Parr® reactor (Moline, lllinois), having a

bench-scale design, comprising a top vessel section 70, a bottom vessel section 72,
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standard term nal display (not shown), or other view ng system No
limtations are intended. Vessel 12 is configured with four ports 86 for

i ntroducing or renmoving fluids fromchanber 82, but is not limted thereto.
Vessel 12 3 be further operated in conjunction with a heat-exchanger 44
in col d- wal¥YOdM¥deH66 on node, or without exchanger 44 iPeTHiSRe0smIA151
deposition node. [0037] FIGs. 4b-4d present dinensions for deposition vessel
12 (described previously with reference to FIG 4a), including top vessel

section 70 otto vessel n t v el ction

espect i vePyS 4 P aRRE el GRRARN, T, PontRY GFBL e m&iﬁv@ oS ons
of 1.006 i hes (2.5 di anet er 508 che 1.

t hi ckness, %SGPOWSS%HOS% Qﬂdt gﬂl qrﬁeesec;pmbqsg@pg %%)U( é? esfg%aé'tw VO
2006/ 105466 PCT/ US2006/ 012151 havi ng a di nensi on of about ~0.067 inches
(0.17 cm Fclampst 86 thah medicslising pverasecuriag v Regions &k Brachinegr isia saeh of ui ds,
etc.) to vessel 12. [0038] FIG 4c lists offsets and dinensions in bottom
vessel sectdpil, Atfomn 72f eedcenten g¥ vedselrrectibng kespaddivelyi etiectinigra presstireg | )
current source 30 to heating stage 38 and (ii) thernocouples 50 within

chanber 82anfl temperdtuie?séal inespesit12 e Claraso @6 ararsdcaredirs plasy vitewi steéw) 34,
described previously. Feedthrough(s) 54 provide entry and/or exit points

for coolingogfi Idckig #MehB00bsifidndd rﬁﬁoﬂﬂ the E@%bf& 8P WI&ApS 276.6X Vedal to
vessel 12. Feedt hrough(s) 54 are seal ed using hi gh-pressure f|tt| ng(s),

e.g., hi gha%@@\s@pé gﬁ&%ﬁ 4. | Btfont %@%% %dEEéha{gkgsaébcpgn g7d"'@bﬂr‘?§>é

I sl and, WA) two stag’u ng post | ass ceram c

avi ng di nonepfiet oS RERRZ A pibdobid Forbil ol am&é?@aésqéf%@ie@%w :
2303? ! 35:)]/:%6 t,gﬁmt @ggﬁtﬁﬁf‘%k@%ﬁﬁﬁoéiticﬂ%{ in po% \Ilgscsd sec lon 98 fo'r\hgspectln rise

and observing phase and mixing behavior of fluids and reagents Introduced to
chamber 82. Chamber 82 is optionally viewed through window 84 in conjunction
with a high performance camera (not shown), e.g., a Panasonic model GP-KR222
Color CCD camera (Rock House Products Group, Middletown, NY) coupled to a
standard terminal display (not shown), or other viewing system. No limitations are
intended. Vessel 12 is configured with four ports 86 for introducing or removing
fluids from chamber 82, but is not limited thereto. Vessel 12 may be further
operated in conjunction with a heat-exchanger 44 in cold-wall deposition mode, or
without exchanger 44 in hot-wall deposition mode.

[0037] FIGs. 4b-4d present dimensions for deposition vessel 12 (described
previously with reference to FIG. 4a), including top vessel section 70, bottom vessel
section 72, and center vessel section 74, respectively. In FIG. 4b, window 84 of top
vessel section 70 has dimensions of 1.006 inches (2.56 cm) in diameter and 0.508

inches (1.29 cm) in thickness, but is not limited thereto. Ports 86 include a bore 86a
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and about 24% borosilicate glass, anchored to bottom vessel section 72 and
to stage 38 with tantal um screws 89 and nol ybdenum nuts (not shown)

avai lable comercially, e.g., in an M2 heater kit (GE Advanced Ceranics,
Strongsville O—I) 0039] FIG 4d illustrates a vertical cross-sectional
view of cent8rUaLY section 74 and chanber 82 |isti ngCayuseemsiotist t hat

I ncl ude a vertical height of about 2.198 inches (5.58 cm, a dianeter of
about 2.25 inches (5.715 cm, and internal fluid volune of approxinmately

140 L, but _jS.not i nited t 8.naFOr lie, | at ed
conponent shﬁn{@g b% dé@%ﬁ%]%ﬁi %ﬁ gﬁé&s @&id‘"&ﬁ%gﬁ 'ﬁpg@m ?%r_t;gg %ﬁ?agﬂ[@ﬁg@%
manuf acturi ng, depositi.on. and/ .oper.atj onal cesses or 21 WO

2006/ 10546@‘gﬁfﬂiﬂéﬁﬁ%@tﬁ-ﬁfﬂ"e"g{'}#@gﬁ%sJ‘°AY6}558'8 igurations as will be
selected b he person. of skill_in the art are _hereby incorporated. [0040]
FIG 4e prﬁg Is a hﬁﬁ-z‘iﬁ]f@tﬁ Qffseis 284 diMgRRiPNg %EQFtP%‘rYeﬁﬁeé\ﬁﬁﬁqorbE?tf&m
vessel section 72 illustrating conponents nounted thereto or |ocated

t hereon, ifersdtivoual 46dhat inds elegjdcag griringofdh sugrepbsowee 38dortieatng stege 388.
Feedt hrough(s) 54 provide entry and exit points for cooling coils of heat

exchanger 4adt(fiy thaymooouplesn 50 edthirl csambero82 ©f Vasskl A8 tborespettiviegremdoute 32
external to vessel 12, as described previously. Feedthrough(s) 46 provide

entry poi ntadfo@digBcevies(s) B4! Heserib8d Previolidipr FESRHRIUGh(H BISprideFnty 2)

descri bed herei nabove) fromcurrent source 30 to stage g% and from

t enper at ur %ngio'?%ﬁy%@lﬁtéi fb?scdogngng%gﬁlggdsfl:@r%gﬁg R &S48 Ginkihg' &5 ESéliqglgmurce 32

respectively. Seal 60 provi tenperature seal” to vessel 12

upon asseMBldem:ab 836 1. ORARkNRAIONEY B4 HRPGbdy GSMGHAGH RBsathd ey,
e.g., high-pressure PEEK™ fittings (UpChurch Scientific Inc., Whidbey Island, WA).
At least two staging posts 88, e.g, machinable glass ceramic posts 88 available
commercially from McMaster-Carr (Los Angeles, CA), having dimensions as shown,
are used for mounting heating stage 38. Posts 88 sold under the trademark
MACOR® (Corning Inc., Corning, NY), comprise about 55% fluorophlogopite mica
and about 24% borosilicate glass, anchored to bottom vessel section 72 and to
stage 38 with tantalum screws 89 and molybdenum nuts (not shown) available
commercially, e.g., in an M-2 heater kit (GE Advanced Ceramics, Strongsville, OH).
[0039] FIG. 4d illustrates a vertical cross-sectional view of center vessel
section 74 and chamber 82 listing dimensions that include a vertical height of about
2.198 inches (5.58 cm), a diameter of about 2.25 inches (5.715 cm), and internal
fluid volume of approximately 140 mL, but is not limited thereto. For example,

chamber 82 and associated components may be appropriately scaled andfor

positioned for intended manufacturing, deposition, and/or operational processes or
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selected fromthe group of conpressible or liquefied (densified) fluids or
gases, near-critical fluids, and supercritical fluids including, but not
limted to, carbon dioxide, ethane, ethylene, propane, butane,

sul furhexafl uori de, ammoni a, and derivatives thereof, e.g.,

chl orotri f IW@rWeA¥Asfe, having a fluid density (p) above PCRAIS2D6/D151

2006/ 105466 PCT/ US2006/ 012151 critical density (p) for the neat fluid
(i.e., p>p). The critical density (P) for the neat fluid is defined by

equation [ L{FRESB%[. (X éﬁgﬁd{yvr\%lliogr{%s( \é\f% ?elg?feﬁt%ﬁe%érkbﬁ%'f skiflli “Ef?edéma(rém 1)

and MW i e nol ecu constituent flui

("Properti gt%g Li quids", 3ed., McGawH Il, pg. 633). Carbon
S MR

di oxi de ( ary solvent given its useful critical conditions
(i.e., T= 3 P = 9  at ndbook, 71st .ed.,, 1990, .pg. 6-:49, the
critical détqul y (pﬁﬁef’ﬁ@%&ﬂ%?#ﬂﬂ%@%’ @oss7Septiong| @HRWG’(R/‘&W pEbettadnsi on
exerted on pattern features (about 1.2 dynes/cmat 20 C, Encycl opedi e Des
Gaz", Elseweseel seelign ifR Hustialing kpAponenizemoppteds Yaretopdnsioeated teredrur t her
exhibits a 100-fold better diffusion conpared to aqueous fluids [see, e.g.,
Cheni cal Syinclhdingshaading stags B aodipastsad9 finsaterin@istage3s. Fredtupugha) Sher
Leitner (eds.), Wley - VCH pg. 38]. |In particular, tenperatures for

densified @Bvideeerts &rad edt pointshfr caolyey Edilsrofdizet lexchaniger 44othadvayh bdtbdin C
with a pressure up to about 10,000 psi. Mire particularly, tenperatures of

densifi ed GRésar sedtidher feking tb LodRHsofiBe G2MbktBrin| B6 ¥2856112, b Aéscribagge
from about 850 psi up to about 3000 psi. Most particularly, tenperatures of

densified : se r 00, to

donst 1160 GRyRYRySCFBEHRfodin Y aBSHhuHBCUHP BBRHE I Bl At A0cho

operati o) bhfofuol oS! B2y et REJer8) AR biteSFel B b
stage 38 and from temperature display devices 34 to thermocoupies 50 in vessel

12, respectively. Seal 60 provides a pressure and temperature seal to vessel 12

upon assembly.
Solvents

[0041] Solvents used in conjunction with the present invention are fluids
selected from the group of compressible or liquefied (densified) fluids or gases,
near-critical fluids, and supercritical fluids including, but not limited to, carbon
dioxide, ethane, ethylene, propane, butane, sulfurhexafluoride, ammonia, and

derivatives thereof, e.g., chlorotrifluoroethane, having a fluid density (p) above the
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(i.e., P>0.47 glcc). Suitable tenperature and pressure regi mes above the
critical density may be chosen from standard plots of reduced pressure (Pr)
as a function of reduced density (Pr) where the correspondi ng reduced
tenperatures (Tr) is 23 WO 2006/ 105466 PCT/ US2006/ 012151 specified. The
person of wkizhé/iose6 he art will recognize that nmany selRCHVEHSOAHS] pressure
and tenperature are possible. In general, densified fluids at supercritical
fluid (SCF) conditions need only exceed their critical paraneters. Thus, for

C2- b ; i f ; th
5%, PSR eRRl ARV nd RERIA e, B> BRPUTHaZ oaasH RSO B e
for SCF Sy?\regpﬁuidﬁ]g?ﬁﬁe%cﬁ' %%@P'@'t he density of the solution mxture is

mai nt ai ned above neede ol ubi lity, meaning nany density increases
may be exploited in a densified fl ui by effecting changes to pressure
and/or tenperature in the systeggh= i 'Lgm,w_r)] greater effects can bq3]
attained in SCF fluids where higher \ensities may be exploited as a
function of pressure and/or tenperature. Precursors [0042] Any precursor

conpri si ng whetlepdé tiieoritioal esluale Qnﬂﬂrhoﬂfgaﬁ@mw.lié, the moieidhr wéight (lgifrhylf) af the
liquid, near-critical, or supercritical tenperatures and pressures of the

sel ected sqhy éﬁﬁstﬁué{tmdmpﬁdberr@seme% SRPAGLTHE0 BB IMEGAIw-RIl, pReesd) ed
rel ease tenperatures capable of being deposited to a surface may be chosen,

3 Tt pranoh Hle fEOELE A afmeiatlos uc e sCre B Sondtions I
to, motal dhe Bres! “Gerar 72 aABnGTC FeRGHETR 7an Hen 190 o8 pr b Tt ™ 1
ket onat o LS00, Bt S o800 7 SR SAT b e SR M o S350
pattern features (about 1.2 dynes/cm at 20 °C, Encyclopedie Des Gaz", Elsevier
Scientific Publishing, 1976, pg. 338). Densified CO; further exhibits a 100-fold
better diffusion compared to agueous fluids [see, e.g., Chemical Synthesis Using
Supercritical Fluids, Philip G. Jessop, Waltner Leitner (eds.), Wiley — VCH, pg. 38].
[n particular, temperatures for densified CO; are selected in the range from about -
56 °C to about 150 °C with a pressure up to about 10,000 psi. More particularly,
temperatures of densified CO, are selected up to about 60 °C with a pressure in the
range from about 850 psi up to about 3000 psi. Most particularly, temperatures of
densified CO, are selected at or near room temperature from about 20 °C to about
25 °C (CQO- is liquid at these temperatures for cold-wall vessel operation) with a
pressure of about 1100 psi and a density exceeding the critical density of pure CO-
(i.e., pc > 0.47 g/cc). Suitable temperature and pressure regimes above the critical

density may be chosen from standard plots of reduced pressure (P;} as a function of

reduced density (p;) where the corresponding reduced temperatures (T;) is
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organonetal | i ¢ conpounds of the general form CuL or CuL2 where L is a

i gand(s) 24 WD 2006/ 105466 PCTI US2006/ 012151 selected from al kynes,

ol efi ns, hexafl uoroacetyl acetonate (hfac) and its hydrates, cycl ooctadi enes
(cod), and vinyl trinethylsilanes (vtns), e.g., copper (I)

( hexaf | uor 0¥&vap(18%64 onat e) - 2- net hyl - 1- hexene- 3-yne PCT/US2006/012151
(Cu(hfac)-2-nmethyl-1-hexene- 3-yne)], Cu(hfac)-2-butyne,

Cu(l) - hexaf |l uoro- 2, 4- pent anedi onat e- (cycl ooct adi ene) conpl ex [ CAS No.

86235 74- 115399?3)@6@@0@%@&5% b4 95550 WP O Gy SIS

complex [i

(') (hexaf | uor opent a dlonate(wnltrlrre | si l onp Cu( hfac) (vtns)]

[CAS No. 139 r%gn@‘?emesa;gre e, OS&%U 9ger@ﬁ(gf%rv§§|ed 'd%%ESﬁ*Rﬁ"Cﬂ'tIQﬂ ted

to, Cu(ll) beta diketonates, ,g,

bi s(2, 2, 6, AU BERMATItepsReRdNy rreaed their sritical pesametess.e)Thusdor BIGORT s

(2, 2,6, 6 tetranet hyl - 3, 5, hept anedi onato, Cu(ll) acetyl acetonat e,

Cu( | I') ( hexdfdsadsystest, 3abaaeta)hemp@)at(.|rd ufyattmit 38t°0Y laspreasere foothel SQF[siystem

Cu(hfac)(vtns)]; Cu (I11) hexafluoro-2, 4-pent anedi onate (CAS# 14781-45-4] or
1)

Cu ( hewet any eaweiithe etiticdl piesdure 6f COGU r?ctkﬁ‘beﬁeﬂdrdstfar B gisesms €. .,
Cu(ll) hexafluoroacetyl acetonate hydrate [Cu(hfac)2. 2H2Q [ CAS No.

155640- 85- Qye 'r&‘i‘%abléhf%b‘ﬂﬁznblr\g bf"@ﬁ‘é‘%%mtloﬁ\'m&%?é mafitSin&y abbld that dneeded

di i sobut yryl net hanat e Anot her copper precursor, sol

Car1 sbad. - & S8R0 E%ﬁ”@‘i@ﬁﬁ??%g% ErEs8E Lrp e Bblolplyii 2 HERIRKS fuid
i Qlofﬁfogﬂ i ”éﬁ%@*ﬂﬁg%{%s@ prOFSts” ﬁg’tBE‘{?%‘LF'E??ASr Poines Syes. o Siddier o
rel ease ng@tﬁature and (ii) +2 (I')(hfac) 2. 2H20 + 2(tnvs)]

which is sc9 B gffecls ﬁ‘énsB‘P v@?ﬂ‘nﬁﬁa@g lﬁ@%t‘f@*q’% "ﬂlﬁrﬁabllgéef slengiigs ahay eb@ct ed

tenperature and/or reaction conditions. O ganonetallic compounds incl ude,
e.g., metalexphitedaglaiuastiomet pressure and/or temperature.

Precursors

[0042] Any precursor comprising a deposition material having solubility in and
stability at the liquid, near-critical, or supercritical temperatures and pressures of the
selected solvent system which releases a deposition material at specified release
temperatures capable of being deposited to a surface may be chosen, e.g., as
reported by Watkins et al. (US 6,689,700) and Kondoh et al. [Jpn. J. Appl. Phys.
(43) No. 6B, 2004}, incorporated herein in their entirety. No limitations are hereby
intended. Precursors include, but are not limited to, metal chelates, metal
carbonyls, transition metal coupling agents, diketonates, complexing agents, and
organometallic compound reagents. Examples include copper (I) and copper (I}

organometallic compounds of the general form CulL or Cul, where L is a ligand(s)
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di ketonates including, e.g., trirutheniundodecacarbonyl [Ru3(CO) 12] [CAS No.
25 WD 2006/ 105466 PCT/ US2006/ 012151 15243-33-1], and ruthenocene (al so
known as cycl opent adi enyl rut heni um [ RuCp21) [CAS No. 1287-13-4]. O her
deposition precursors suitable for use in conjunction wth the invention

i ncl ude r emgentsaodesown i n the chenical vapor depositi oPQIGHEANSO01HSOi ¢ | ayer
deposition (ALD), atom c |ayer epitaxy, H gh-Density Plasma CVvD (HDP-CVD),
and/ or metal organic CVD (MOCVD) disciplines, including, but not limted

to, titani tetra-dinet hyl am de (T (NC2H6) 4 por TDVAT S 2(5-24-9,
Schurmcher S Fobt S b bugpabalyBe it nint! Pod s Bl

t et r aki di net hy| ami d tal.um, Ta( NMe2)5), St Ch Co. ,

Nevbur ypor VCRRCEOIDSS. 4608} St (PBIMBIaANSof (L1 #6.d6IoPPEhe 8 ur( V)
[ Ta(NEt) (NEt 2)3), Sigma-Aldrich, MIwaukee, W 53233], tantal um precursors;
and bi s (tdhexafiuproaaeiidacetonaieiZ-meathyl khexane-8yng{€ethfag)r3-methyl-1-hexene-

[ (t-BuN) 2( Me2N) 2W Si gma- Al drich, M| waukee, W 53233] [ CAS No.

406462- 43- Fyna)in@u(bfacpldmiyrsnr Cuil)-hiexaflucroi2phpentaaedionatedycloofiadiedl) Tabl e
1 lists two exenplary material precursors tested in accordance wth the

present invenigi@n. As S{GN® in Tahlbe 1, re&;mmmﬁLE 1. Rﬁbmme ()
tenperatures (based on thermal deconposition) for various naterial

R13(00) 12 100 e ) S e £ e P
Newburypor tgo Mar (9hR8ad8 entanedionate)(vinyitrimethylsilane) complex [Cu(hfac)(vims)]
[CAS No. 139566-53-3]. Copper (If} precursors include, but are not limited to, Cu(li)
beta diketonates, Cu(ll) bis(2,2,6,6,8,8-heptafluoro-2,2-dimethyi-3-5-octanedionate),
Cu(ll) bis (2,2,6,6-tetframethyl-3,5heptanedionato, Cu(il} acetylacetonate,
Cu(ll}{hexafluoroacetylacetonate) (vinyltrimethylisilane) complex [i.e.,
Cu(hfac){vims}]; Cu (ll) hexafluoro-2 4-pentanedionate [CAS# 14781-45-4] or Cu (li)
hexafluoroacetylacetonate [i.e,, Cu(hfac),] and its hydrates, e.g.,, Cu(ll)
hexafluoroacetylacetonate hydrate [Cu(hfac)z'2H,0] [CAS No. 155640-85-0, Sigma-
Aldrich, Milwaukee, WI 53233}, and Cu (ll) diisobutyryimethanate [Cu(dibm)a].
Another copper precursor, sold commercially under the trade name CupraSelect
Blend® (Schumacher, Carlsbad, CA) comprising Cu(l) (hexafluoroacetylacetonate)
{trimethylvinylsitane)  [i.e.,  Cu(hfac)(tmvs)] [CAS No.  139566-53-3],
disproportionates to release (i) Cu’ directly to surfaces at a specified release
temperature, and (i) Cu* [i.e., as Cu(ll)(hfac)-2H,0 + 2(tmvs)] which is soluble in
the soivent medium and is suitable for use at selected temperature and/or reaction

conditions. Organometallic compounds include, e.g., metal carbonyls and metal

diketonates including, e.g., trirutheniumdodecacarbonyl [Ruz(CO)2] [CAS No.

25



tenperatures for ruthenium and copper fromthe respective precursors,

trirut heni undodecacar bonyl [Ru3(CO) 12] [CAS No. 15243-33-1] and Cu(ll) 26 WO
2006/ 105466 PCT/ US2006/ 012151 hexafl uoroacetyl acetonate [ Cu(hfac)2H2Q [ CAS
No. 14781-45-4], differ substantially. As illustrated, precursors may be

sel ect ed haWPAYSAEHEMSe tenperatures that permit sel ectPCT@ISAepOAI5E on over
a wi de range of tenperatures or tenperature gradient conditions applicable
to manufacturing processes of interest, e.g., semconductor chip

chor cal  anamey S oy SerBend fE) Knbith A Gl ciopeRlec SHATRN 'ufﬁafﬁu%ﬁ
LE@?L?{E”{% &&425‘?3%@ (PR EebBibon PecHRorPSunble Riyse! g ﬁeursFrs
and physi cafith febBueatelt nEiegPagtT KrBun, 6T SRR APPY ORISR  he
scope of the present |nvent|on Reagents [0044] Chem cal addltlves and

reagents ef3temiq ityedejapasitioon(Ald))a aemicattyedepitainstich-Beasity Blasma /R or
use in conjunction with the invention. Reagents include, but are not

limted to,(HMXEMD)e ankéni mtalaggamis,CHBn(M@@MD)véiscilpﬁmés:aihclagmgt dut not
reduci ng agents, oxidizing agents, catal ytic agents, and co-solvents. In

parti cul ar,limiteeRige titamium setrdUpndthylbimides (i (INSHe f4 of TOMAT) [CGAS No. 3275-24-9,
near - crltlcal or supercritical conditions for the solvent nmay be sel ect ed,

i ncl udi ng, %Nﬂnawr@%ﬁlcé@z@arli‘tﬁdo'm%é@g]ga,tltéiﬂﬁltrpﬁlﬁ'}de Gredumlof HBRbRis

(e.g., methanol, and ethanol). drogen is an exenplary reagent effective

o 2 oducl gl @dﬁa@ﬁﬁ?’?ﬁﬁﬁiﬁﬁ"ﬁ?ﬁ?eét’?w%?@gﬁos KubORfpoft 36AP! ©

01950-4098] and tris (diethylamido)(ethylimido) tantalum(V) [Ta(NEt)(NEtz)s),
Sigma-Aldrich, Milwaukee, W| 53233], tantalum precursors; and bis (tertbutylimido)
bis(dimethylamido) tungsten (VI) [(t-BuN)>(Me2N)W, Sigma-Aldrich, Milwaukee, WI
53233] [CAS No. 406462-43-9], tungsten precursor. No limitations are intended.
[0043] Table 1 lists two exemplary material precursors tested in accordance
with the present invention. As shown in Table 1, release

TABLE 1. Release temperatures (based on thermal decomposition) for various
material precursors.

Deposition Precursor Release
Material Temperature™
(°C)
Ru RU3(CO)1 2 140-150
Cu Cu(hfac). 220

*  MSDS, Strem Chemicals, Inc., Newhuryport, MA. 01950-4098

temperatures for ruthenium and copper from the respective precursors,

trirutheniumdodecacarbonyl  [Rus(CO)yz] [CAS No. 15243-33-1] and Cu(li)
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27 WD 2006/ 105466 PCT/ US2006/ 012151 dioxide, at the liquid, near-critical,
or supercritical tenperatures for the carbon dioxide solvent, e.g., 31 C
Reagents may be introduced as solids, liquids, or gases directly to the
deposi tion chanber or may be prem xed in a soI vent and delivered to the
deposi ti on WR2AENS46 | i quid, near-critical, or supercriRdmus2006i0eTPEr at ur es
for the solvent. Alternati veI y, reagent(s) may be delivered to the chanber
at | ower tenperatures and subsequently heated to the desired liquid, near-

her ey | niiSRGHER %f‘f'%%;i'@f@*wa‘?%‘éﬁ@iﬁ*a&m% R g nopr

recogni ze that, the inve not limted b pe acti on or seguence
of reacti or%'%ét?@d?'ﬂ-‘ff ng, R @RJS rRe0we BISCULSOET uMé ﬁ ?{e‘) eﬁ%q}gﬁ &FW‘Q drlgree
deposition nateri al (S?, Reactl ons include, but are not limted to,

reducti on, ‘eRiPeEtuGS, hat Bpndhselertbradenssitioni aves & wideganga &f derpperatires or
displacenent hydr ol ysis, photol ysis, hydrogenation, including conbinations
t her eof . Ftempemmmal gradieit canditiohs apghigetdsd to oranuiacturirgl prazegses bfintéresthal
deconposition, dissociation, or displacenent, froma precursor to the
solvent flud.g., r@mubmmjo‘t@cm@ fablmcatudepqﬁm tinditations sare herebgaintariede hadvper

permtting subsequent reaction with, e.qg. a reducing reagent, and ultinmate
deposi tion é)@nﬁjlébkbaﬂdu%t(%éhﬁlcél%ﬁcﬁﬁﬁysdd? 85 ar@ﬁ@@Wneto hifdrr g telege of a
gas, solid, or liquid reagent to the deposition vessel or reaction chanber

can initiatg B}e?@eﬁgrta‘é\g &*r@orprn‘?%ﬂﬁélgr iRy ?})31961%'[’ hﬁ"[‘l%ofo P&%}g@en a

dep03| tion na er| al F'ecur sor¥a a reagent agent s

as will be selected t he person, of sk Il .in e art are w scope
and spiri 1 PIBFESR S lglr% Elwgquﬂ 5e;?ge§gs etc. Irnus, aﬁ precursorts Jchat eFea

deposition material(s) in response to temperatures, chemical and physical

processes, and/or selected reaction conditions are within the scope of the present

invention,
Reagents
[0044] Chemical additives and reagents effecting deposition to a surface or

substrate are suitabie for use in conjunction with the invention. Reagents include,
but are not limited to, reactive chemical agents, non-reactive chemical agents,
reducing agents, oxidizing agents, catalytic agents, and co-solvents. [n particular,
reagents miscible in the solvent fluid at liquid, near-critical, or supercritical
conditions for the solvent may be selected, including, e.g., hydrogen (Hy), ketones
(e.g., acetone), and alcohols (e.g., methanol, and ethanol). Hydrogen is an
exemplary reagent effective as a reducing agent and/or oxygen scavenger.

Hydrogen is further miscible in solvent fluids including, but not limited to, carbon
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WO 2006/ 105466 PCTI US2006/ 012151 (0046] Tenperature and pressure choices
for the deposition chanber will depend in part on the solvent and reagent
choi ces enpl oyed as will be understood by the person of skill in the art.
In particular, stage tenperatures nmay be selected in the range from about
-100 C to wbauds125@9 C (via cooling and/or heating) w tRCT/$R280413185 | n t he
deposition vessel ranging fromabout | psi to about 20,000 psi. Mre

particularly, tenperatures nay be selected in the range fromabout 25 Cto

si - wost Qee B B Eiﬁﬁfdeiﬁﬁ%ﬁ%ﬁtﬁ%Q%ﬁa{ﬁP%@@gﬁFi%rﬁﬁgraﬁ?”?ﬁt*%ratﬁ é%rﬁooo

about 100 C tq, about K 200 ressures I from ab 000 psi
to about SGﬁ@X'ﬁ%lso"eﬂB $-Bm %ﬁft on eé%mﬁn'?"élﬁ T%@@gﬁ Eﬁ @'@ 'F”-' §t PAt es a
typi cal conposite substrate 42 conprising feat ur es ., vias), layers

92 (e.g., €Igsesediracilydpsthet deppsitionnehambeersor mﬂ}@eee@renw@dy) a selehtaged 94
(e.g., external surfaces, flat surfaces, horizontal surfaces, vertical
surfaces, edativireds lib- mﬂfmitma,chgﬁﬂner aad lei, ( eegr-criticaht wressperbeit‘u&) :
and/ or other conplex substrate structures (e.g., voids, tunnels,

i nt er conneckeeratnrg! for Bedsdient, | Nt@matﬁel?hréa@%ht(s)?ﬁma;} apedsiversl 6 thé aces
are representative of types of structures found in manufactured or

conposite Sél'%%mt;]é%ta?ﬁ)wé? tSmpe?éthﬂe%%fd"ﬁifb%iLrléeﬂl% h%"a’ﬂé&%‘é@éy ire8'hyBid, near-

rran:Jf gcturl ng ere : barrier eposited ature pattergs 90
'st”?uﬁt&3&5&%&3@3%\%%%@%%0 BiFfure g rad droBR RRbOR #8chereps
vertical, ,apnd flat surfaces. In the figure, a heating source 40 for heating

substrate 49%Ngedo. | ocated with substrate 42 but is not linited thereto.

For exanple, nmultiple sources 40 of like or different kind POSI tioned at
vari ous ori Wﬁ]l ons ThelRarsee of skil ibtherait willfurthegrecognize that the invention is

not limited by type of reaction or sequence of reactions occurring, e.g., between
precursor(s), reagent(s), and/or deposition material(s). Reactions include, but are
not limited to, reduction, oxidation, disproportionation, dissociation, decomposition,
displacement, hydrolysis, photolysis, hydrogenation, including combinations thereof.
For example, release of a deposition material, e.g., by thermal decomposition,
dissociation, or displacement, from a precursor to the solvent fluid may be effected
in a deposition vessel or reaction chamber permitting subsequent reaction with, e.g.,
a reducing reagent, and ultimate deposition to a subsfrate or surface. In another
example, introduction of a gas, solid, or liquid reagent to the deposition vessel or
reaction chamber can initiate reaction between a precursor and a reagent, and/or
between a deposition material released from the precursor and a reagent. All
reagents as will be selected by the person of skill in the art are within the scope and

spirit of the present invention.
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WD 2006/ 105466 PCT/ US2006/ 012151 are suitable for use as will be sel ected by
the person of skill in the art. Thus, no limtation is intended. Ceneral
Procedure for Selective Deposition [0048] The followi ng general procedure
descri bes use of system 10 for selectively depositing materials on a
substrat e 4902806405466 sem conductor chip. Substrate 42 ncy/vmzomstoezist o
heating stage 38. Substrate 42 is in proximty to a known nmass of a
precursor 58 conprising a deposition material. Vessel 12 is seal ed,

pressuri zed filled, e,.g i,th a ressi bl e,sol Ul e.g..
Carbon ot ol00BB 11 gREmeare, aly: Pisfs i PAGER, for R0 gERBRIPY FrompBa e an
oxygen scavenger,, or redycing agent. In the instant, configuration, solvents
and r eact arftePeaRdn PEFiLAR 1 SAYBTHAY TeageRl Shoises amRlored ssryl besiifiersisod s and
16, respectively, but are not limted thereto. For exanple, sources 14 and
16 may conpi the peisorof skill wutheiartdre particdler, siegs tareperaturas Ma bryselecigd in

hi gh- pressure transfer manifolds or tanks. The solvent fluid 59 including

any reagenttheaadgerfrqm ebouset(0 fto eboub 600176 (Wa ebekd andiar freeating) with cel |
36 optionally lined with a high-strength polynmer liner, e.g.,

pol y- et her -@tbalrek oh ARG dePbSitivn deEséihanying dfsia EbdtEEKpsI) tol Mb@itr 205006psi. | nc.

Geenville SC) or poly-tetra-fluoro-ethylene sold under the tradenane

Tenacr (1, WPAEPacul oA G e ok Yok hsaes iy |
D" 29, Sy RS  n Bl 1ee B BELE$00 FARSA AL bl b ¢
PCT/ Us2006/ DesBrr et domaeratissyay teaserise  Hedanpariam aol 160 teddor -
heat exchana eorut42£(1)b "lcnwith pressures in the range from about 2000 psi to about 3000 psi.
No limitations are intended.
[0047] FIG. § illustrates a typical composite substrate 42 comprising features
90 (e.g., vias), layers 92 {e.g., exposed layers, thin-film layers, imbedded layers),
surfaces 94 (e.g., external surfaces, flat surfaces, horizontal surfaces, vertical
surfaces, etc.), sub-surfaces 96a, 96b, and 96¢ (e.g., feature surfaces), and/or other
complex substrate structures (e.g., voids, tunnels, interconnected tunneis, and the
like). Such features, layers, and surfaces are representative of types of structures
found in manufactured or composite substrates, e.g., silicon wafers in
semiconductor chip manufacturing where, e.g., barrier films are deposited. Feature
patterns 90 include e.q., vias, wells, trenches, gaps, holes, and/or other patterned
structures having complex geometries and surfaces including horizontal, vertical,
and flat surfaces. In the figure, a heating source 40 for heating substrate 42 is co-

located with substrate 42 but is not limited thereto, For example, multiple sources

40 of like or different kind positioned at various orientations relative to substrate 42
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anot her enbodi nent, vessel 12 is operated in "hot-wall" deposition node,
e.g., wthout use of heat exchanger 44. Substrate 42 is exposed to sol vent
fluid 59 containing any reagent(s) (or reagent fluids) at l|iquid,
near-critical or supercritical or conditions for the solvent thereby m xing
precur sor %3 znwehimmes added reagent (s). A tenperature geetiusrsoigener at ed
at, in, on, through, or along a deposition surface by heating substrate 42
in conjunction with heating source 40 (internal to stage 38) in the

presence or_absen f active. r ontrol proyi.ded xghanger 44.
Deposition %ts&ptﬁﬁ{% éll@gs%%%fl\[' @%gﬁg{% @éﬁ?esﬁ?'%@@ ‘?fgé‘%@ﬁb@l%‘gl y é‘pBgi ted
at, in, on, or along the deposition surface (or portion thereof) in
response t oMpikRliontg ilendsdir e gradi ent generated at, in, on, or along the
deposition surface, e.g., to surfaces, layers, and/or feature patterns of
substrate 42 exceeding the release tenperature for the precursor 58. In the
i nstant configuration, tenperatures are neasured using thernocouples 50 or
ot her tenperature neasuriGenetelProeedare foreBelectivs Deposéibmear, or in, any of
heating stage 38, heating source 40, substrate 42, and/or solvent fluid 59,
respectively. In particular, tenperature gradients in the range from about
600 C per unit distance (or thickness) to about 25 C per unit distance (or

thi ckness) ﬁfcﬂﬁt € S%@?&u%a@ﬁbﬂ?&%o M@ Beséiuas @6é Vof Egggﬁ‘rf YUt

gr adi eg_ts iht range from al C per unit distance to ut 150 C per
o " 00 R ER DR RS FE ShAReoa0S SuBlraloBs, BAL! o MeAidohu bR e
ot ended. 35U gl BoBinsetaech beshubroes s SuTste Mack b MoKGubr i ee 2
conposite substrate 42 (test coupon) tested in conjunction with the present
i nvention, KNawn naass ebAdPECYFSOE Hi8) comgrising ;2 dleposition material. Vessel 12'is

sealed, pressurized, and filled, e.g., with a compressible solvent fluid, e.g., carbon
dioxide. In one configuration, a reagent is optionally added as an oxygen scavenger
or reducing agent. In the instant configuration, solvents and reactants are
transferred into deposition vessel 12 from sources 14 and 16, respectively, but are
not limited thereto. For example, sources 14 and 16 may comprise any of a
multitude of delivery means including, e.g., high-pressure transfer manifolds or
tanks. The solvent fluid 59 including any reagents andfor precursors may be
optionally mixed in a premixing cell 36 optionally lined with a high-strength polymer
liner, e.g., poly-ether-ether ketone sold under the tradename PEEK® (Victrex USA
Inc., Greenville SC) or poly-tetra-fluoro-ethylene sold under the tradename Teflon®
(Dupont, Wilmington, DE) prior to introduction to vessel 12. In vessel 12, flow of
cooling water through coils of heat exchanger 44 is initiated at a rate necessary to
maintain a desired temperature of fluid 59, dissolution and miscibility of precursor

58, and temperature of substrate 42. In one embodiment, vessel 12 is operated in
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conprises various structures and surfaces including, but not limted to,
vias 90 (pattern features), external surfaces 94, (via) surfaces 96a, 96b,
and 96c¢, and |ayers 100-108, including horizontal and vertical surfaces,
i nterfaces, exposed inbedded surfaces, and/or sub-surfaces thereof. The
i nstant substrate 42 conprises a silicon layer 100, a (inbedded) copper
| ayer 102, VO 340p/eMd¢6 carbide (SIC) |ayer 104 as an et cRCItUSpODON2Iler, a
dielectric layer 106 conprising an organosilane glass (0SG or other |owk
dielectric (LKD) material, and a cap coating |ayer 108 conprising silicon

di oxi de ( S0l Ri" qﬁp%mgh' ﬁhoﬁb' i rjﬁﬁét%h @ﬁhau”sé 0% Hedl | SEhaRys hﬁye'irbl Test

coupon 42 was general l arr| er open configuration” descri

y
t“’ﬁiﬁLgﬁrf;S%@ﬁ“%S ”{'@5%9 RS %oﬁﬁé}ei?%?‘j‘ ﬁ?:ﬁ*éi‘: Cz%’ Ry ayeraﬂie i
{ermper at ur S BRHEHIOT Sé}'fqh%ﬁ' ¥ B iberals g2 I Bkee B RRhen o

surface 94, generates eratures SUI t abl e for sel ective deposition in,
e.g., the \AOREAIYNG a@ygeag%nt&ﬁ%éor reagepiciid e o Neanartss: or BURETABIES PE i on
occurring when at | east one tenperature in the tenperature gradi ent exceeds
t he rel ease&ongiiipas &rdhe splyent therginemidngpresarsor 88langranyt added magest(sly cal |y
mai ntai ned at a tenperature |ower than the tenperature of surface 94

t her eby nuitemperdting dradient scgarmrstedeatpiar ahutheowdh, ormlorana depositigh sudace al ong
t he surface where selective deposition is desired. [0050] In general,

mai nt ai ni ng)ﬁhéﬁ'ﬁ@%fu@%ﬁét% 42 irfcéRaesioh vath RedtigCsour€e @0 mtéMéf ﬁﬁﬁé%@% 960D,

and 96c¢) at, greater than, theé rel ease tenperature for t he
2006/ 10546 I4f aces,
e.g., surfgré?%élllégg%@éﬁ%e Sﬁggﬁu\l@ Sngpgeﬁ?fﬁﬂ% }38”@\@ F Egﬁgtel% ezggé

temperat ur & M ARhShafitiaf ¢ Ile¥seeadﬁ'891s{hte' Bfeclfsor 58 is selectively deposited at, in,

on, or along the deposition surface (or portion thereof) in response to the
temperature gradient generated at, in, on, or along the deposition surface, e.g., to
surfaces, layers, and/or feature patterns of subsirate 42 exceeding the release
temperature for the precursor 58. In the instant configuration, temperatures are
measured using thermocouples 50 or other temperature measuring devices or
means positioned near, or in, any of heating stage 38, heating source 40, substrate
42, and/or solvent fluid 59, respectively. In particular, temperature gradients in the
range from about 600 °C per unit distance (or thickness) to about 25 °C per unit
distance (or thickness) promote selective deposition. More particularly, temperature
gradients in the range from about 500 °C per unit distance to about 150 °C per unit
distance promote selective deposition. Most particularly, temperature gradients in
the range from about 400 °C per unit distance to about 150 °C per unit distance

promote selective deposition. No limitations are hereby intended.
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the desired surface(s). The person of skill in the art will further
recogni ze that deposition thickness is controlled by factors including, but
not limted to, concentration (e.g., of reagents, precursors, etc.),
deposition rates, precursor diffusion, and deposition tinme. [0051] In an
enbodi ment WP 2pMAMa¥ention illustrated in FIG 6, sour aeThds2006021151
substrate 42, generating a tenperature gradi ent between source 40 at a first
tenperature (e.g., 200 C) and surface 94 nmintained at a second tenperature

e, aﬁﬁod@“%ﬁieed?"%h@pﬁ@@t%é% { bolyBBs e SUhStaR R Tt il ?%“SS&? b the

t tiated d t t |
" pat ¢ o n Rl Wit e (KBS U BRrad oy SBTURPOLFIG o aHPRT8etd, | Lo

in Exanple 1 and illustrated in FIG 7), rutheniumnetal rel eased froma
precur sor 5@mF§’S§§p‘Cﬁ§!Oﬂéoﬁt"~§3&Fr§§t@ﬂﬁeﬁyﬁa%spﬁlci@ﬂg viisnopolimited itag Viae99i as
90. [0052] In another enbodinent of the invention illustrated in FIG 8,
source 40 (hatern fosweshtaxtarpal gorfecas PAg (va) supeces 96a, §bhdiamdt 96t aren
source 40 at a first tenperature (e.g., 245 C) and surface 94 nmuaintai ned at

a second t dayssal00-408,( dhaudind Sbrizbntafsarid estticab susfaves, #itelfieesdasipoeed
deposition surface(s) 96a, 96b, and 96c of pattern vias 90 exceeds the

rel ease ( e.ihbedd68 OBMRids OBNd/bENBGS-8hMaGs ftRErdohe THROSABaRE e%s?r%[e (#£29. .
220 C), deposition is initiated and pronoted in pattern Vi as 90 al ong

st 2553 SV R0, TO0TS AR SebRELS 2, 300, T 00
coPPe et AR M "Aan e B S0 A TR0 Iagsr T
I Tustrat edorbgnggllgne%lass (6SG oroother low-k dielectric (LKD) material, and a cap coating
layer 108 comprising silicon dioxide (SiOz) or other thin film material as an insulating
overlayer. Test coupon 42 was generally of a “barrier open” (BO) configuration
describing wafer processing that introduced pattern feature vias 90 into subsirate 42
through layer 108 (SiO;) and layer 106 (LKD) further breaching layer 104 (SiC etch
stop layer) opening into layer 102 (imbedded copper layer). A temperature gradient
established between, e.g., heating source 40 and surface 94, generates
temperatures suitable for selective deposition in, e.g., the vias 90, eg., along
surfaces 96a, 96b, and 96¢, the deposition occurring when at least one temperature
in the temperature gradient exceeds the release temperature for the precursor 58.
Solvent fluid 59 is typically maintained at a temperature lower than the temperature
of surface 94 thereby maintaining the necessary temperature at, in, on, through, or
along the surface where selective deposition is desired.

[0050] In general, maintaining a temperature at a deposition surface (e.g.,

surfaces 96a, 96b, and 96¢) at, or greater than, the release temperature for the
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heats substrate 42 generating a tenperature gradient (e.g., -150 C/ mm of
substrate) between source 40 at a first tenperature (e.g., 250 C and
surface 94 nmintained at a second tenperature (e.g., 100 C). As tenperature
al ong surface(s) 96a, 96b, and/or 96c¢c exceeds the rel ease tenperature for

t he precur 9@ 2006/dEaesi tion is initiated and pronoted i nPgafisznosozisis 90

al ong surfaces 96a, 96b, and 96c¢c or portions thereof in response to the
tenperature gradient. For exanple, deposition is not generally observed on

*empor at ur 1o o018 I RBIREAE o EFRELE IEE ATIRY 948 RrfiBRiues

t enper at ur € precursor, e. Ion Is us ‘controll ed

selectively filli. orti.ons rn.vias 90. | n.an le (detailed in
Ecanpl e o SHasienta, Biver GAF 46 HBHE IPnbRRRuS romBiy s dRobiugal
deposited selectively in the pattern feature vias 90 partjally fillin

and/ or coatth@lgj%é!ﬁ@c?‘)é@cﬁér)-ti p@fsqrhg?\ﬂ"ﬁs‘”g@? ?‘@O@B%Uﬁhe'é e tht
enbodi ment of the invention illustrated in FIG 11, source 40 heats
substrat e 4Epgsitienathigknesst énpeoratalled by afhciers (nclyding- 1Y gohmiiited  to,
substrate) between source 40 and/or |ayer 100 (first location) at a first

t enper at ur eontentgation3%€.gC) of ardgentsf apcecugors s edond depositidromatesi pieaursed at a
second tenperature (e.g., 200 C. As illustrated, tenperatures at

surface(s) dfusiGfandepositiondingbc exceed the rel ease (e.g., deconposition)
tenperature for precursor 58 (e.g., 150 C), pronoting selective deposition

at surface V\Qﬁs@ d al W%nséénfgﬁﬂﬁ%rﬁ%’ thegiﬁPem?cg‘gill%léﬁgtg%- %AF{/%”%S%?&G 40

surface-do deposi tion o I'n an exanpl e taile 105466

P 2005 e Sk ARBk by B Bor s P BPMRIT Ak st

fs g;{ 3?:5\”9 gh'ggﬁql%wgf Eegg? a%ﬁg%pﬂ;shq%aégn%%gihjt%?ne%rg iaegécc;nrclj %er}r?pé)rgttutree rn
(e.g., 120 °C). As the temperature at the desired deposition surface(s) 96a, 96b,
and 96c exceeds the release (e.g., decomposition) temperature for the precursor
(e.g., 150 °C), deposition is initiated and promoted selectively in pattern vias 90
along the temperature gradient. In an example (detailed in Example 1 and
illustrated in FIG. 7), ruthenium metal released from a precursor 58 is deposited
selectively in pattern vias 90 filling the vias 90.
[0052] In another embodiment of the invention illustrated in FiG. 8, source 40
heats substrate 42, generating a femperature gradient between source 40 at a first
temperature (e.g., 245 °C) and surface 94 maintained at a second temperature
(e.g., 150 °C). As the temperature at the desired deposition surface(s) 96a, 96b,
and 96¢ of pattern vias 90 exceeds the release (e.g., decomposition) temperature
for the chosen precursor (e.g., 220 °C), deposition is initiated and promoted in

pattern vias 90 along surfaces 96a, 96b, and 96c in response to the temperature
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[ 0055] The invention will now be further denonstrated by reference to the
foll ow ng exanpl es. EXAMPLES [0056] The foll ow ng exanples are intended to
pronote a further understanding of conditions and applications as well as
evi dence supporting selective deposition of materials in accordance with
the presentWPRYEAIMON. Exanple 1 details conditions whercays2eostobasi um net al
Is selectively deposited in pattern features (vias) of a sem conductor chip
substrate selectively filling the vias. Exanple 2 details conditions

e eby CORRELNE! Blar SRR PATRY TR bbb Qoo ndel BRABANHA o1
or adi ent 1 1A BERUSGF 58 s rPediedreiest Vel BR R0 MReahed 901 n bot t om up
deposition node, selectively coating vias in response to a tenperature

gradi ent thi9088h. BElaapekeneqwrdimentabing inventiorHusteed inFHan.sauree 49 i s
sel ectively deposited to both external surfaces and al ong surfaces of vias
of a sem coredixtsubstratep 42ulgenecating aetagnperature ogradiant a@eg.d ovtB0d EGduint iobn
node, in response to a tenperature gradient. 35 WD 2006/ 105466

PCT/ US2006/4)ibafratk) beXiddt BodrceOb al a Rnsthteniperatuse .9/, @B0siC)carel eaffacedsd
material in Gbit-scale dynamc random access nenories (DRAMs) given its

| ow resi stipbiiai | he ' alpg i t ooflgd ird Oal
properti es.m?ﬁr?}éérgl&je(ﬁngl géc(;)c?rﬂfﬁgﬁ?lﬁeg/aéﬁh (@%bi I ?,?gm)?edﬂsi Elé{nl'—@ééméé] r 8?%eni um

ol e SRS, S8R TR e OB SR B oo

sem conductor ¢ I'Ng Vi as m'i nv

S0l vent 11l dhosiin 9 ThIASh B t5BRbldae FRRERPTag B8y sfimbdls i, YBbTEhd!
96¢c or portions thereof in response to the temperature gradient. For example,
deposition is not generally observed on surfaces 96b and 96¢c maintained at a
temperature below the release temperature for the precursor, e.g., 100 °C.
Deposition is thus controlled selectively filling portions of pattern vias 90. In an
example (detailed in Example 3 and FIG. 10}, ruthenium metal released from a
precursor 58 is deposited selectively in the pattern feature vias 90 partially filling
and/or coating selected portions of the vias 90.
[0054] In another embodiment of the invention illustrated in FIG. 11, source
40 heats substrate 42 generating a temperature gradient (e.g., ~150 °C/mm of
substrate) between source 40 and/or layer 100 (first location) at a first iemperature
{e.g., 350 °C), and surface 94 (second location) maintained at a second
temperature (e.g., 200 °C). As illustrated, temperatures at surface(s) 94, 96a, 96b,
and 96¢ exceed the release (e.g., decomposition) temperature for precursor 58

(e.g., 150 °C), promoting selective deposition at surface 94 and along surfaces 96a,

96b, and 96¢, e.g., in a top surface-down deposition mode. In an example (detailed
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stable at liquid, near-critical or supercritical tenperatures for the
solvent fluid, and a stoichionetric excess of a reagent gas, e.g., HZ2,
preventing undesired oxidation reactions in the deposition vessel.

El emental ruthenium (Ru) released from precursor 58 at or above the
deconposi t worodeawmes at ure for precursor 58 was deposi tRETUBOWHEBEET at e 42
selectively filling pattern vias 90. Substrate 42 was sized by scoring and
breaki ng along the crystal planes, yielding a coupon of about 1 in. to 1.75

. i do. - 200
o Post - pricelfl « S, AR %t%ﬂ%&%sgﬁﬁm Bk 3% Sl

(Teny . purPrdsROpt SERGLTEY O ekar o ot 2”%@?@65%’%&%%%%?49#6%3&8%
Pracur sor  SOP HMPRBSOE AN haans Pe;e Vigs BALIREDY BN feevias oBned
into a glass vessel 56 and pl aced underneath stage 38 in vessel 12.

Seni conduct §058hi p s Tbst invertiore with soweka figther cdaraergtiatedh ot taferense 4g4hes.
Vessel 12 was seated and chanber 82 was pressurized with 100 psi 36 WO
2006/ 1054660RaWingSzamM@le312151 hydrogen from source 16 through inlet port 86
and to a total pressure of 1100 psi wth carbon dioxide (C02) from source
14 forming the final solvent fluid 5gxambppeger 82 was equi pped with several
K-type t hernocoupl es 50 positioned for neasuring tenperature of heating
stage 38, substrate 42, and solvent fluid 59. Stage 38 was heated to a
tenperature of 100 C and constituents of the solvent fluid 59 were all owed

brecur sor SIOBRI the. 4By oIV kBT Ry igudiaoll Bistin®' e Bftnes

Lhrough W gk fanding "BF danditions a a%%né?m‘ﬁ%%%”&%ﬁqgse”é\'n encd $0pporingZ°
selective deposition of materiais in accordance with the present invention. Example
1 details conditions whereby ruthenium metal is selectively deposited in pattern
features (vias) of a semiconductor chip substrate selectively filling the vias.
Example 2 details conditions whereby copper metal is selectively deposited in vias
of a semiconductor chip substrate selectively filling the vias. Example 3 details
conditions whereby ruthenium metal is selectively deposited along a temperature
gradient in vias of a semiconductor chip substrate, e.g., in bottom-up deposition
mode, seleclively coating vias in response to a temperature gradient therein.
Example 4 details conditions whereby ruthenium metal is selectively deposited to

both external surfaces and along surfaces of vias of a semiconductor chip substrate,

e.g., in top surface-down deposition mode, in response to a temperature gradient.
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while tenperatures (i) of surface 94 and (ii) of fluid 59 above surface 94
were nmaintained at about 120 C and about 70 C, respectively, creating the
desired tenperature gradient in the via patterns 90 of substrate 42
resulting in selective deposition and filling of the vias 90 with ruthenium
met al . Subworedeaoskds had a contact tinme in the reagent BAUNGME1HBbUt 60
mnutes, but is not limted thereto. [0059] Results. FIG 7 presents an SEM
m crograph showi ng selective filling of vias 90 of substrate 42. Thickness
of ruthenium nmetal deposited in the gikagy qwas found to be substantially
different fromthe thickness of rutheniumnetal |ocated on surface |ayer

94. In particular, thickness of rutheniumin vias 90 was -200 nm extending
t hrough the vertical depth of the features. In contrast, ruthenium ocat ed

on surface d a |meth| ckness, of -2 Sel ectivye 0Si |on

ovi denced HIOBRE i ¢ FORBATGM, 8 4 KCRIRi, elegiigde s i pHRgs

further showed deposition was non-conformal, i.e., asymretricall dep05|ted
to the vi agaDgom3aceassS2U8610rEs46HRAlds) tgsmoﬁsdml@ﬁtstemm@ll@n( gotcaln a
further exanple of the invention illustrated in FIG 8, copper netal was
sel ect i vel ystaklity sindegodchdtyhetcking proertieat irean ekaatple e'é)heoihvantkmﬁilustmiedt or
chip substrate 42 selectively filling the vias 90. The system conprises a

sol vent fl uh®IG96, afthermsi heed waardetttivdelpXedositatl ionRs 00 (patérnfeetrs@f 58,
e.g., copper (I1) hexafluoroacetylacetonate [Cu(hfac)2] (Sigma-Aldrich,

M I waukee, é"éémlcéﬁguétor ehig istbspam 42 ﬂhr@(\ﬁ% 80 ofhsyR8VARY0I0ES a (sbment flagper

(Cu+2) is released from precursor 58 to the deposition surface(s) of the

E s oo o9 PR AR BR RS aa d SNy ol bARLE, MRl o,

had a hori £ Qtt)lglatlhaﬂl : near-ﬁlca or supercnt%g] F‘emperat%ré’s E)r the solvent fluid, and a
stoichiometric excess of a reagent gas, e.g., Hz, preventing undesired oxidation
reactions in the deposition vessei. Elemental ruthenium (Ru® released from
precursor 58 at or above the decomposition temperature for precursor 58 was
deposited to substrate 42 selectively filling pattern vias 90. Substrate 42 was sized
by scoring and breaking along the crystal planes, yielding a coupon of about 1 in. to
1.75 in. on a side. Vias 90 had a horizontal length of ~1 um and a depth of ~200
nm. Post-processing examination of test coupons 42 was conducted using
Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM).
Purity of deposition materials was evaluated using X-ray Photoelectron
Spectrometry (XPS) analyses. |
[0058] Experimental. 25 mg of precursor solid, Ruz(CO)y2, (Sigma-Aldrich,
Milwaukee, W1}, was weighed into a glass vessel 56 and piaced underneath stage

38 in vessel 12. Semiconductor chip substrate 42 was secured to ceramic heating

stage 38. Vessel 12 was sealed and chamber 82 was pressurized with 100 psi
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of -200 nm (00611 Experinental. 25 ng of solid precursor, e.g., Cu(hfac)2,
was wei ghed into vessel 12 and pl aced underneath stage 38 in chanber 82. A
sem conductor chip substrate 42 as described in Exanple 1 was secured to
ceram c heating stage 38. Vessel 12 was seal ed and chanber 82 was

pressuri zedVQPWOF1IBH® psi hydrogen from source 16 and t BCEHUSHOEPM2Hdessure of
1100 psi with CO2 from source 14 through inlet port 86 formng the final
solvent fluid 59. Chanber 82 was equi pped with several K-type therm)coupl es

50 PoS L onndn #EASUSES T6AFREIAUHER g 0P3hA BY o BraGRedro WOBidNS

and fluid was heated™to a errperature 0 Can constltuents

of the rea d Nt eral X to
enhance di g:g(ﬂ)f Lﬁa}%ép C$8f¥:g @e@%lﬁ%ﬁegﬁlﬂgg {‘Et{g}rﬁmbhg"e g?‘éFensg) fEH%?
Mxing in anber was observed. .t hrou 84. Tenper ture of s a e 38
38 \/\ogzooal(hi]'ﬁﬂg%’ gé‘?’%fs?@é%ﬂz‘{’i@l Sﬁé%'%gl%\@ Jgﬁfwcqlﬁr%eéat Rositanedctor -
Tenperatures of (1) surface 94 and (ii) fluid 59 above surface 94 wer

mai nt ai ned Agasukg tempriatuse At healing, stage pifs supstrate 42y ang; %VQMJ'LU@sﬁgr ed
tenperature gradient in the via patterns 90 of substrate 42 for selectively

filling andStegatibowesrmeateppen iemperatdepobildd 5a. and cooslituantsf ofolvet sohagh
exchanger 44 was used for this test. Substrate 42 had a contact tine in the

reagent flfluidi 59 fwerb@liowea toiinteitneis forl GR D t&aSuhititesReseriHance migsohutiohef 2
were essentially identical to those observed for deposition of ruthenium

netal in ExpgphrecdrsoR®BUld $hadahvene YukesgedMiaRy 66 tdhembidr! 82 VP bbbémeli as
90. Thi ckness of copper netal deposited to vias 90 was found to be

bstanti al i f t
urTace | ayoi Wl WHHER 84 | BRRR R FRRRE o8 e SRREEa I el RETRERPLC o0

was =200 yhite temperatures (i) of surface 94 and (ii) of fluid 59 above surface 94 were

maintained at about 120 °C and about 70 °C, respectively, creating the desired
temperature gradient in the via patterns 90 of substrate 42 resulting in selective
deposition and filling of the vias 90 with ruthenium metal. Substrate 42 had a
contact time in the reagent fluid of about 60 minutes, but is not limited thereto.

[0059] Results. FIG. 7 presents an SEM micrograph showing selective filling
of vias 90 of substrate 42. Thickness of ruthenium metal deposited in the vias 90
was found to be substantially different from the thickness of ruthenium metal located
on surface layer 94. In particular, thickness of ruthenium in vias 90 was ~200 nm,
extending through the vertical depth of the features. In contrast, ruthenium located
on surface 94 had a maximum thickness of ~20 nm. Selective deposition was
evidenced by the difference in thickness, e.g., dva >> dsuface. Results further

showed deposition was non-conformal, i.e., asymmetrically deposited to the vias 90.
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nm ext endi ng t hrough the vertical depth of the vias 90. In contrast, copper
metal found on the surface 94 exhibited a thickness << 200 nm Sel ective
deposition was again evidenced, as in Exanple 1, by the difference in

t hi ckness, e.g., dvia >> dsudace Results further showed deposition was
non-conformal, i.e., asymmetrically deposited, to the vias 90. EXAMPLE 3
[0063] | n woatdsasssexanpl e of sel ective deposition il uRGTAHRYPRIP G 9,

rut henium nmetal was sel ectively deposited in vias 90 of a sem conductor chip
substrate 42 partially coating the vias 90 along a tenperature gradient
generated therein. A ruthenium net aﬁéﬂﬁﬁzﬁ or, Ru3(CO 12, and a
stoichionetric excess of a 39 WD 20 PCT/ US2006/ 012151 reagent
gas, e.g., H2, that prevents undesirable oxidation fromm scel |l aneous
oxygen sources in the reaction chanber during deposition, were mxed in a
solvent fluid 59 of densified CO02. A tenperatuyre gradient s generated in
t he vi as gdﬁﬂgﬂl conj iMatvdhen@@mnple Rete 'H!ﬁe@@l’]r‘&‘@t’%fﬁ‘gﬁbﬁ'@ﬁt"ogp@h@ﬁ[&il
ruthenium (Ru) released fromprecursor 58 (e.g., above the release

t enper at ur evdsoseleelively deppsited iBghe wias 9G& Gatlern %tyre@épégi sarpicondunter elie s
within the vias 90 where tenperature was above the release tenperature for
t he precur ssmbsB8tet 42 selbytivabafiling the vias 90. altengystdra congrisesat swieergritudd 89t .
Substrate coupons 42 were sized by scoring and breaking along the crystal

pl anes vyi elsfi dangifiedueBoRbgidkids, | acdbpper Iméfal | prebemsopns58, .gle. copfeas(hyo had
a horizontal dinension of -1 pmand a depth of -200 nm Post- processing

exani nat i o @,ggcgt?}éegfbﬁafe?_ WE@EQPU@@H@W&M,SWWQU%GE WOLIafd a

M croscopy (SEM and Transm ssion ron croscopy (TEM . Purity of

?;gg)si tion dabhbhtt Wiesd PrUatedadit' 95 THLRY EOMSCIEre] %' ralassd G Y
precursor 58 to the deposition surface(s) of the vias 90 and reduced by the H;
reagent selectively filling the vias 90. Substrate 42 had dimensions of about 1 in. to
1.75in. on a side. Vias 90 had a horizontal length diménsion of 1 ym and a depth
of ~200 nm.

{0061] Experimental. 25 mg of solid precursor, e.g., Cu(hfac),, was weighed
into vessel 12 and placed underneath stage 38 in chamber 82. A semiconductor
chip substrate 42 as described in Example 1 was secured to ceramic heating stage
38. Vessel 12 was sealed and chamber 82 was pressurized with 100 psi hydrogen
from source 16 and to a total pressure of 1100 psi with CO; from source 14 through
inlet port 86 forming the final solvent fluid §9. Chamber 82 was equipped with
several K-type thermocouples 50 positioned for measuring temperature of heating
stage 38, substrate 42, and fiuid 59. Stage 38 was heaied to a temperature of 60
°C and constituents of the reagent fluid 59 were allowed to intermix for about 156

minutes to enhance dissolution of the metal precursor §8 in the solvent fluid 5§9.

Mixing in chamber 82 was observed through window 84. Temperature of stage 38
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anal yses. [0064] Experinmental. -25 ng of solid precursor, Ru3(CO) 12,
(Sigma-Aldrich, MIwaukee, W), was premixed in | m acetone and 30 ml CQO2
in a premxing cell 36 at 1100 psi and 25 C). A sem conductor chip
substrate 42 was secured to ceram c heating stage 38 having an internal
heati ng so¥@a0@0¥er heating substrate 42. Vessel 12 wag/use@serisind
chanber 82 was pressurized with -15 psi hydrogen from source 16 through
inlet port 86 and to a total pressure of 1100 psi with carbon dioxide (C02)

L =00k SRR Bt 28 PRty B O o hETUIRICHE 55

50 positione i'ng tenperature 1 Ng'’s

and solvent_fluid 59, age 38 S_heate 0 te r at -250 .. 40 WO
2006/ 10546@%&%%68@3%1"%{%@@%%%%@:‘ at e%é(ﬁrbdngso'ihﬁgc@’ 9’&58‘?1‘6"’?& ) of
fluid 59 above surface 94 were nmintajned at -100 C ang -75 C,

respect i velSyeatigehieidegiren demperatag graisst i heeia Haliamsn?0 of subrale #248f t er ns
90. One (1) m of the predissoived precursor/acetone/ CO2 solution was

i nj ect ed i reetecivglydillingomnd remnelling coprarmelgl depesitiomaNoseoalanm: flaw thraug.
Substrate 42 had a contact tine in the reagent fluid of about 10 m nutes,
but is not dxchangst 4dheasused [APALIS]tedte SubstrateAt2 had asonéaot dimeninEhé&redg@nt

rut heni um was sel ectively deposited to bottom surface 96a and up al ong

surfaces 96RiPHCaIRRE 6D MiheERONSe to the tenperature gradi ent generated
bet ween source 40 (at tenperature Tl and location LI) to surface 94 (at

tenper at ur qofgapnd | RERlia KRLuRY it RIBRIOSANERAISsSURAIR HBARSYAbUTES

exceeded the ease tenperature “the precursor, abou ( Results

the i as o0 SPhERTeE febfitePolufRAa LR S TacREaMY audbabioehged' "
selective filling of the vias 90. Thickness of copper metal deposited to vias 90 was
found to be substantially different from the thickness of copper metal located on
surface layer 94. In particular, thickness of copper metal in the vias 90 was ~200
nm extending through the vertical depth of the vias 90. In contrast, copper metal
found on the surface 94 exhibited a thickness << 200 nm. Selective deposition was
again evidenced, as in Example 1, by the difference in thickness, e.g., dva >>
dsurace.  Results further showed deposition was non-conformal, i.e., asymmetrically

deposited, to the vias 90.
EXAMPLE 3

[0063] In another example of selective deposition illustrated in FIG. 9,
ruthenium metal was selectively deposited in vias 90 of a semiconductor chip
substrate 42 partially coating the vias 90 along a temperature gradient generated

therein. A ruthenium metal precursor, Rus(CQO)4z, and a stoichiometric excess of a
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conformal, i.e., the Ru filmwas asymetrically deposited to the bottom of
the vias 90 and up along a portion of the walls (e.g., surface 96a and up
al ong surfaces 96b and 96¢) of the vias 90 where tenperature exceeded the
rel ease tenperature for the precursor 58. EXAMPLE 4 [0066] In anot her
exanpl e of wakrteeetosye deposition illustrated in FIG 11 PETURMWA/UAISIEt al was
sel ectively deposited to (external) surface 94 of a sem conductor chip
substrate 42 and along walls (e.g., of surfaces 96a, 96b, and 41 WO

2006/ 10546%5%%#%?,8?@%%?]thgﬁﬁe@nté’ | (@RieSfatia gazi%%"r’blrg‘ﬁd(éﬁgﬁ;s‘éeﬁﬁheous

deposition no I um et precursor, Ru

st oi chi onet ‘#Y@R%%EF S t'ﬁlerra%ﬁﬂtchgﬁ-ﬁjﬁr Hg?)% g:ég?%i{i&‘?,twel%rr%}% tiﬁ.aﬁ&g\‘?@gr ed

oxi dation i e reaction ch er during n-were m xe [ | vent

fluid 59 of,d i fied liquid, near-criti,cal or supercritical .

t enper at ur e@“g%ﬁ thfger@g%eﬁ{hf I%F%"%?&’Aetg entavas Qea?ré@‘?im {nﬁa\é'aﬁgrqépat ed
in the vies 90 in conjunction with a heating source 40 such that el enental
rut heni um (fapunctienytea healing ﬁ%@@r&%w%thagemqm@ ugheniwe (Runpwleasgfe for
the precursor 58 was selectively deposited to surfaces 94 exceeding the

rel ease tenfp@narecesoobdtedg., pravcutheorclass tsniperatare fardbgarecursondBeweszed
by scoring and breaking along the crystal planes yielding a coupon about 1

i nch to 1. 7¢electivelsdepositeditdesurfRost withinothesdas 90 exieerentetripenatafe wastabovepons
42 was conducted using Scanning Electron M croscopy (SEM and Transm ssion

El ectron Mgeogtarae fehfpdrature!fbt thed predlipgys58 itﬁéreﬁﬁtcﬁféﬁﬁllgwia@sooemhg%@d

using X-ray Photoel ectron Spectronetry (XPS) anal yses. [0067] Experinental.

-25 g of  sEhidbRLRS YrPént. RYIGHA ToupHOHR VLA diS8Y by scoring and breaking
along the crystal planes yielding a coupon about 1 inch to 1.75 inches on a side.
Vias 90 had a horizontal dimension of ~1 ym and a depth of ~200 nm. Post-
processing examination of test coupons 42 was conducted using Scanning Electron
Microscopy (SEM) and Transmission Electron Microscopy (TEM). Purity of
deposition materials was evaluated using X-ray Photoelectron Spectrometry (XPS)
analyses.
[0064] Experimental. ~25 mg of solid precursor, Ruz(CO)+2, (Sigma-Aldrich,
Milwaukee, WI), was premixed in 1 ml acetone and 30 mi CO;z in a pfemixing cell 36
at 1100 psi and 25 °C). A semiconductor chip substrate 42 was secured to ceramic
heating stage 38 having an internal heating source 40 for heating substrate 42.
Vessel 12 was sealed and chamber 82 was pressurized with ~15 psi hydrogen from
source 16 through inlet port 86 and to a total pressure of 1100 psi with carbon
dioxide (CO;) from source 14. Chamber 82 was equipped with several K-type

thermocouples 50 positioned for measuring temperature of heating stage 38,

substrate 42, and solvent fluid §9. Stage 38 was heated to a temperature of ~250
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M | waukee, W), was premxed in 1 m acetone and 30 M CO2 in a prem xi ng
cell 36 at 1100 psi and 25 C. A sem conductor chip substrate 42 was secured
to ceramic heating stage 38 with an internal heating source 40 for heating
substrate 42. Vessel 12 was sealed and chanber 82 was pressurized with -15
psi hydr ogé¥0 H6ie54®ur ce 16 through inlet port 86 and PETASLWEBI2IYr essure
of 1100 psi with carbon dioxide (C02) from source 14. Chanber 82 was

equi pped with several K-type thernocouples 50 positioned for measuring

t enper at ur ecof Thapfdragired @g%f%ﬁacéuwahat ﬁ%ﬁ Tl 95 abYed lsuffable B Yerst age
38 was heated to a terrpera ure of -350 2006/ 105466 PCT/ US2006/ 012151

i ot v P @fb@%%:@gg% bﬂf%vféa%éfﬂﬁ@ﬁ?%@ ihpgae e e
Mo depodeHBNt cihrdls i ¢ BelPhS dh " EhVem “iari e sanolibdie: e 42
had fl b .

T fed t harepusoYare t/%@m dfommuas! s ?8&3‘%{%@0&#@ "ohebes b PTG al
was deposited sel ectlvel to surface 94 of substrate 42 and al ong wall s

(e.g., surftB@é"@ab§B|V§HUf|Ulg6§9 awtgiR 201ad, pagondact time, mdbesraaﬁ%meﬂ%mﬁ

deposition node. Surfaces 96a, 96b, and 96c of vias 90 exhibited a thin
conf ornmal fabowt 40 ainuigs, lSutriSaloélirﬁided theretoont rast, exhibited a filmthickness
of fromabout 10 nmto about 20 nm In Exanple 4, results denonstrated that

surface sel @oBsyity Wsubient r glsl didstratedi iretFIG 40d rutiestums sasdiskfagtivein,
where the large surface area of the heated (hot) surface 94 dom nated the

process forddpakméd @B&%ﬁ'&ﬁac@@ﬁﬁ%‘nﬁ'%lﬂﬁg’ stifaGePF6Is ANk '98c! i dedpdnse to
conjunction with multiple paraneters, as discussed herein. [0069] Selective

deposition {n BEEALMARE Graiibhy b@ﬁer&fe%sSé'tbve'eﬂ"&&l}rb@%@f(éﬁfeﬁnperature T+ and
location L¢) to surface 94 (at temperature T2 and location L) at those locations
where temperature exceeded the release temperature for the precursor, about 150
°C. Results show ruthenium was selectively deposited to the vias 90 partially
coating the vias 90. In particular, results further showed deposition was non-
conformal, i.e., the Ru film was asymmetrically deposited to the bottom of the vias
90 and up along a portion of the walls (e.g., surface 96a and up along surfaces 96b
and 96¢) of the vias 90 where temperature exceeded the release temperature for

the precursor 58.
EXAMPLE 4

[0066] In another example of selective deposition illustrated in FIG. 11
ruthenium metal was selectively deposited to (external) surface 94 of a

semiconductor chip substrate 42 and along walls (e.g., of surfaces 96a, 96b, and
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enhancenents and/or alternatives for surface processing related to

manuf acturing and/or fabrication of substrates, e.g., sem conductor chips
and related applications including e.g., chip and/or substrate repair. The
i nvention enconpasses selective deposition of materials, as described
herein, e.®Q208g1058pers and filnms (e.g., barrier fil nmsPONUSIDG/PRIFIWal er or
sem conduct or chip surfaces for manufacturing) for filling (conpletely or
partially) and coating surfaces (conpletely or partially) and/or other

conpl ex suréag%f vidtClgadin tBb‘tStﬂfécedeer ApbSitio Ohridele( €A Jruthenium metal
t hree-di nen nal voi ds) tunnels (e.g., interconnected tunnels) and/o

ot her st uc,s,ﬁg@%r@ag%ndaﬂw SR B S5 LI

st ruct ures) eonetri es céhe

structures ncl udi.n 1,0nS th L ve 0Si tian ed in
con] unct 1 orP Ry IS B @P biaaicn I e actPi‘ et B8 S asn g o
limted to,, Chem cal [ ation limtations, are

hor eby i nt dRa8q SO0 ATENEY & tqﬂ@sf 2 m&»ﬁ&/ﬁeﬁagﬂ%@énord@g'e@rCBB%ﬁ
herein with reference to various enbodi nents thereof, It should be

under st ood tEmperatiees oy die peiventsiuid59. 1A temparature geadientawas ganersiry in the
alternatives in formand detail nmay be nmade therein w thout departing from
the spirit \dag98dwpenjofictidrewitinadraatiog sodrte\ibsudhsthat alementalsuthienium fut)od
for selective deposition of a deposition nmaterial to a deposition surface,

conpri si ng ideasetidisn pfacupsorsgiameyeahs vblsbsateamperatute Sotbibermebeursocs8idiasg a
deposition surface disposed in an operable thermal relationship with at

'sg?;t dgggsrﬁ%ﬁﬂgw ggg@eggpplsﬁﬁaae@9&%&6@@&@%{@#@1@% JeMbBFiEOTor ABN
precursor 58. Substrate coupons 42 were sized by scoring and breaking along the
crystal planes yielding a coupon about 1 inch to 1.75 inches on a side. Post-
processing examination of test coupons 42 was conducted using Scanning Electron
Microscopy (SEM) and Transmission Electron Microscopy (TEM). Purity of
deposition materials was evaluated using X-ray Photoelectron Spectrometry (XPS)
analyses.

[0067] Experimental. ~25 mg of solid precursor, Rus(CO)+2, (Sigma-Aldrich,
Milwaukee, WI), was premixed in 1 ml acetone and 30 ml CO; in a premixing celi 36
at 1100 psi and 25 °C. A semiconductor chip substrate 42 was secured to ceramic
heating stage 38 with an internal heating source 40 for heating substrate 42. Vessel
12 was sealed and chamber 82 was pressurized with ~15 psi hydrogen from source
16 through inlet port 86 and to a total pressure of 1100 psi with carbon dioxide
(COz) from source 14, Chamber 82 was equipped with several K-type

thermocouples 50 positioned for measuring temperature of heating stage 38,

substrate 42, and solvent fluid 59. Stage 38 was heated to a temperature of ~350
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precursor mscible in and stable at |liquid, near-critical, or supercritical
conditions for said solvent, said precursor conprising a deposition
material releasable at a preselected release tenperature or condition;
heating said substrate with said at | east one heating source to generate a
t enper at ur WOR0eE108466 al ong sai d deposition surface; whePEBYSHE/H2¥eposition
material is released fromsaid precursor and selectively deposited upon
said surface in response to said tenperature gradient thereby controlling
the | ocati og, arénmperafuréy (0fofsqirthceeddndi Oip ofefludd 58 atepe durfede P vep@i d
deposition surface. 2. The nethod of claiml, wherein said substrate is a
sem conductAtinglihd o ~2001 & -aris ~The 2 {rBgsbcRlel! A0Rel (11 fredBSBved
deposition surface is positioned in a |ocation“selecte romthe group
consi sting : S : h,t : S » Mk T h
substrat e, %E?%%gﬁg?%gﬁes@%% %(g]ta {égn arﬂgggﬁhb? at Wéﬂ@gt%éé'fg‘gf ‘.N\%.lmﬁﬁteetdmﬁa}t%od of
claim11l, wherein said de ition rf.ace co i, nenber el.ected from
t he group c‘ﬁer%sglpf‘r?@am 95})3?&‘8@3“!‘93&%&%@@8}‘@%@@%&#@8—:@% ‘?%ﬁﬁ%la(@f'?ad

m cro-structure(s), pattern fe%t ur e&/{sqéi, nano-structure(s), and conbi nations
thereof . 5.UM$ i theraagenyiiud af ahout 1Rwaiputes. Rufiig npf Wpke 2o
nano-structures are selected fromthe group consisting of nechanical

devi ce(s), [0868%), c&easultsyeAss)iystrataddmdd6. t@msuiheniure (mstal avasaderasiied
structure(s). 6. The nethod of claim11, wherein said solvent conprises at

| east one nsuiivelysiel swofaog 94 @ihsubstragieod and radorsg wals dé.ocasimfacesi 96b dad

et hane, ethyl ene, propane, butane, sulfurhexafl uoride, ammnia, and

conbi nat i orgsd, kerdedba) df via8BORL Aadp elirfatatowh, dedositonnmedbd Strfacasseane
heating source is selected 45

96b, and 96¢ of vias 90 exhibited a thin conformal film coating. Surface 94, in

contrast, exhibited a film thickness of from about 10 nm to about 20 nm. In Exampie
4, results demonstrated that surface selectivity was controlled by kinetics and
precursor diffusion, where the large surface area of the heated (hot) surface 94
dominated the process for metal deposition. Deposition may thus be controlled in
conjunction with multiple parameters, as discussed herein.

[0069] Selective deposition in accordance with the present invention offers
enhancements and/or alternatives for surface processing related to manufacturing
and/or fabrication of substrates, e.g., semiconductor chips and related applications
including e.g., chip and/or substrate repair. The invention encompasses selective
deposition of materials, as described herein, e.g., as layers and films (e.g., barrier
films on silicon wafer or semiconductor chip surfaces for manufacturing) for filling
(completely or partially) and coating surfaces (completely or partially) and/or other
complex surfaces, including, but not limited to, voids (e.g., three-dimensional voids),

tunnels (e.g., interconnected tunnels) and/or other structures (nano- and micro-
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fromthe group consisting of infra-red, convective, resistive, ultrasonic,
mechani cal, chem cal, and conbi nations thereof. 8. The nethod of claim1,
wherein said precursor is a conpound selected from the group consisting of
t hermal pol yneri zing polynmers, grafting polynmers, netal chelates, netal

car bonyl s, WQ 2A€105466n net al coupl i ng agents, di ket onat eBCT/HEWBERIShg

agents, organonetal lic conpound reagents, and conbinations thereof. 9. The
met hod of claim 1, wherein said precursor is a nmetal carbonyl conpound. 10.

compound. - 2ot Hebngd Bt ek EEHiies 9 6" AL AARBPE R shfenwes 11 om
hexat | vor oG pRtoAaEreoh oRsH %e H%ex@%ﬁ'p‘ﬁ%%‘ﬁ? s eng ot R, or

hexaf | uor acet yl acet onat e- 2- but yne, (1) hexafiuoracetyl acetonate(cod),
Cu( | ) hexaf Rgcbatemnafive &, oﬁfﬁ@%ﬁ&ﬁsnvcluwgnﬁuhwshmm fo.capemycal Mechanical
hexaf | uor oacetonate, Cu(11)hexafl uoroacetyl acetonate-vinyl-trinethylsilane,
Cu (1) he%ﬂanba&@@f@MﬁédN@dﬁmi@ﬂ@haW& héneby intesdedine conpl ex, Cu(11)

hexaf | uor opent anedi onat e-vi nyl tri net hyl sil ane conpl ex, Cu(l)

hexaf | uor o@dT@nedi owAile thy presunt dlieation hasleer deSurifdd heleix afithueforecet -
pent anedi onate, copper (1) hexafluoracetylacetonate-trinethylvinylsilane,

trirutheni W@@ﬂ@ﬁ@%ﬂfﬂ&ﬂﬁéntsrtHér*é%'f'QP%ﬁ@uldadeuﬁﬂéﬁtd@ﬂt a0 shé RicRtdn 15130’[ The

met hod of claim 1, wherein said deposition surface conprises a material

defect r epﬂlarﬁl%@'tﬁeféio agLP\AARGS aWbH&tﬁ@é ‘ﬂ1 ‘F@r ﬂd dleialll m%‘y g@t M9de Q{Jlel%ﬁr?" m1,

wherein said release conditlon conprise fromthe group

cone =t B A s N o oA

44



14. The method of claim1l, wherein said deposition material is a nmetal. 15.
The nmethod of claim 14, wherein said netal is selected fromthe group
consisting of Cu, Ru, Zn, Ni, Al, W Ti, and Ta. 46 16. The nmethod of claim
1, wherein said deposition material is a nonnetal. 17. The nethod of claim
1, wherein said deposition material is a polyner. 18, The nethod of claim
17, wher eiwhsad daipddiger i1s selected fromthe group consisting of thernal
pol ymers, grafting polyners, and conbi nations thereof. 19. The nethod of
claim1l, wherein said tenperature gradient conprises two- dinensional or

three- di mensi onRlmétedtPRF 3éibEtRe HeBdsifsH & d%?b%iti@ﬁma{téﬂdl kg dESGRRINt | ON
selectively to said surface. 20. The nmethod of claim 11, wherein said

t enper at prsé'ffgﬁﬁ%ﬁp'é‘ﬁfismg"%@?sa@f:ed in conjunction with tenperature
pr ogr ammi Rgoyididg a}%ﬁﬁ@% besfrét@'iﬁ@l&dinq Hubp&iticnQTfabe tiRPoddih @duci ng at

| east one chem Ta tive or reagent 1o said solvent selected fromthe

group congipstEbiegthemal selaionsip withcattleast ore bieatinggodtpent s, catal ytic agents,
reactive ' nan- | ' cQa§50l vents, and
ombi nat i GRS AR baatiRl 4 FRES oo GlosEi Bbiacd 8587 12011 n
agent (s) ipsedwshr ogjesiblpiregrrhstablatat higuad, near-gritisat lor supsrciiticakcanditions forsai d

sol vent fl yj e cl ai o rej ' -sQlvents are
sel ected fslrg!g%sog\%gt'érzg&ﬁgg%g%gﬁos H”%'SS&EH %ﬁ%@%&e@r%ﬁeﬁ%&gﬁ@ﬁg The net hod of
cl ai m 23, pvesiested reliade ddropdreluse ar eondidibect ed from t he group consisting of

et vancl st B0 o e IR FalTS D8 B SRR ee W B, Foene, o
deposi t i onemperfaaee gradient along said deposition surface;
whereby said deposition material is released from said precursor and selectively
deposited upon said surface in response to said temperature gradient thereby
controlling the location and quantity of said deposition material deposited upon said
deposition surface.

2.  The method of claim 1, wherein said substrate is a semiconductor chip or

wafer.

3. The method of claim 1, wherein said deposition surface is positioned in a
location selected from the group consisting of: upon the substrate, beneath the
substrate, within the substrate, without the substrate, and combinations thereof.

4.  The method of claim 1, wherein said deposition surface comprises a member
selected from the group consisting of void(s), tunnel(s), interconnected tunnel(s),
micro-structure(s), pattern feature(s), nano-structure(s), and combinations thereof.

5. The method of claim 4, wherein said micro- and/or nano-structures are

selected from the group consisting of mechanical device(s), fan(s), cantilever(s),
advanced mems device(s), damascene structure(s).

6. The method of claim 1, wherein said solvent comprises at least one member
selected from the group consisting of carbon dioxide, ethane, ethylene, propane,

butane, sulfurhexafluoride, ammonia, and combinations thereof.

7. The method of claim 1, wherein said at least one heating source is selected
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conprising: providing a substrate or material having feature patterns and/or
a deposition surface disposed in an operable thermal relationship with a
heat source(s); providing a precursor conprising a deposition nmateri al

rel easable at a release tenperature or condition for said precursor; 47
exposing said substrate to a solvent that contains said precursor at |iquid,

near- critfrédkhe gtbus U@ﬂsﬁsﬁiﬁ?fo\‘ ira-re@ dnleding, resistiveaufraBoniv aRéchafral i ng said
substrate with said source(s) generating a tenperature gradient in said
feature patheBHGR;andr@mRnatiepsthesd deposition material is rel eased from said
precursor at said release tenperature or condition and sel ectively
deposited in said feature patterns and/or to said deposition surface in
response t o Ssai dne aigdeacefsaimgl wApwein said pracHpos i§ aicanakaudselestad fiams or a
portion thegepfupARASSMY 612héiidl pbietiff@bbigmers grsa?t'irg: SBNRREst gty Mat erial in
said feature patterns and/or to said deposition surface. 27. The net hod of

claim 26, ieiates, mesalicarbontyist ransdtiongnetaleonplingnapents dikatenetesofomplRxipg 28. The
met hod of e"i\iéﬂ"?g}@no%ﬁllﬁz'dﬂégﬁ%hqd %ﬁistéﬁd“co?HBiﬁétFo%s@ﬁlé’régﬁ feature surface
surface se g t

conpri ses ecte romife gfoup consisting of two-dinmensional,
t hr ee-di mensi onal, bottom flat, horizontal, vertical, and conbi nati ons

thereof. 29., T [ : ' ' cted from
t he group CQOnts}m [ %@Bgfo ?élla@léﬁ‘, \&ﬁe%?@s%éﬁéﬂgéﬂé gaﬁggfﬁﬁ@f E%F@o n?. and
conmbi nati ons thereof. 30. The nethod of claim?29, wherein said vias have a

et e i e et S, WO brAfRcP B ogRRbherbug™ and depts in
compound.

11.  The method of claim 1, wherein said precursor is selected from the group
consisting of: copper () hexafluoracetylacetonate, copper(l)
hexafluoroacetylacetonate-2-methyl-1-hexene-3-yne, copper (1)
hexafluoracetylacetonate-2-butyne, copper (I) hexafiuoracetylacetonate(cod),
Cu{hihexafluoroacetylacetonate-vinyl-trimethylsilane, Cu(ll) hexafluoroacetonate,
Cu(ihhexafluoroacetylacetonate-vinyl-trimethylsilane, Cu (1}
hexafluoropentanedionate-vinyltrimethylsilane complex, Cu(ll)
hexafluoropentanedionate-vinyitrimethylsilane complex, Cu(l)
hexafluoropentanedionate cyclooctadiene complex, Cu (ll) hexafluoro-2,4-
pentanedionate, copper (l) hexafluoracetylacetonate-trimethylvinylsilane,

trirutheniumdodecacarbonyl, ruthenocene, and combinations thereof.

12.  The method of claim 1, wherein said deposition surface comprises a material

defect repairable in accordance with said method.

13. The method of claim 1, wherein said release condition comprises a member
selected from the group consisting of pressure, kinetics, catalysis, reaction rates,
thermodynamic rates, decomposition, and combinations thereof.

14. The method of claim 1, wherein said deposition material is a metal.

15. The method of claim 14, wherein said metal is selected from the group

consisting of Cu, Ru, Zn, Ni, Al, W, Ti, and Ta.
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31. The nethod of claim 26, wherein said features have aspect ratios in the
range fromabout 2 to about 100. 32. The nethod of claim 26, wherein said
deposition surface conprises a naterial defect repairable by said nethod.
33. The nethod of claim 26, wherein said deposition surface conprises a
menber selected fromthe group consisting of void(s), tunnel(s),

i nterconnected tunnel(s), mcro-structure(s), nano-structure(s), or

conbi nati ons thereof having a three-dinensional surface. 34. The nethod of
clai m 33, whér el @amdrﬁféhatm 1ameerein ssishdepositioe materéial igranonmetak| ect ed from
the group consisting of nmechanical device(s), fan(s), cantilever(s), nens
devi ce(s), damascene structure(s). 35. The nmethod of claim 26, wherein said
rel ease condhﬁfb‘i‘ﬁ@@ﬂﬂpﬂloiél@lrﬁﬂrw ein sairdepositidn Mmatenal isea BPWWEr-consi sti ng of
pressure, kinetics, catalysis, reaction rates, thernodynam c rates, thernal
deconposi tion, and conbi nations thereof. 36. The nethod of claim 26, wherein
said filli nd & ohp nstoddé plagn 17 neheareinsridapolymarlie aglected from theigtoypr ecur sor

21 ong. sal LA RINE! B HERALANRERS JbAPbAhhER M Leortfnatkhe dsBhOd of ol alm 26,

wher ei n said r’ses R NGl s group consi sting
of partial, corrpl ete asyrmetrl c, conformal. 38 The met hod of cl ai m 26,

wher ei n sal ectiye i 0 C ng of said
features. T lé Wﬁﬁ?g g‘?’ ﬁa‘fvﬁ?r%’r?%% |9(lja ant C%f'ﬁ'gg%{—ﬁ?om tion
conpri ses d:m@hsmgaldh&ee—dmmwnasuehfpacasrecg‘racﬁmt(k) fa@rabontreling déposifioe net hod of

cl ai m 26, V\/rller ein salg & erature gradient conprises a two- dinensional
t enper at ur SEIGHNEY &n3318 SUF#tEee di mensi onal gradient for controlling

20. The method of claim 1, wherein said temperature gradient is generated in

conjunction with temperature programming.

21. The method of claim 1, further comprising introducing at least one chemical
additive or reagent to said solvent selected from the group consisting of reducing
agents, oxidizing agents, catalytic agents, reactive chemical agents, non-reactive
chemical agents, co-solvents, and combinations thereof.

22. The method of claim 21, wherein said reducing agent(s) is hydrogen present

at near or stoichiometric excess in said solvent fluid.

23. The method of claim 21, wherein said co-solvents are selected from the group
consisting of alcohols, ketones.

24. The method of claim 23, wherein said alcohols are selected from the group
consisting of methanol and ethanol.

25. The method of claim 23, wherein said ketone is acetone.

26. A method for selective deposition to a feature surface or deposition surface,
comprising:
providing a substrate or material having feature patterns and/or a deposition surface
disposed in an operable thermal relationship with a heat source(s);
providing a precursor comprising a deposition material releasable at a release

temperature or condition for said precursor,;
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deposition selectively to said surface. 41. The nethod of claim 26, wherein
said tenperature gradient is generated in conjunction with tenperature
programm ng. 42. The nmethod of claim 26, wherein said solvent is selected
fromthe group consisting of carbon dioxide, ethane, ethylene, propane,
but ane, sul furhexafluoride, amonia, and conbi nations thereof. 43. The

et hod of &xbading hid sUbSFR fb S 8bIdert @hat @Bhtainy 'shidSireSRER dt i§Sid dedreast one
reagent sel ected fromthe group consisting of reducing agents, oxidizing

agents, Hlisdg¥BupgiIcEtitabranditians deresaid spiP™tonbi nati ons t hereof. 44. The

met hod of (Ehahdidd subieteiin §au@oaﬂcs@ggé§era{r® S8 @tdrégrememﬁ sgfdoup

consi sti n(% of nmet hanol and et hanol he net hod of claim 43, wherein said
ket one i s Te@ibtededternsqondis. The met hod of claim 26, wherein said deposition
material i - it e d deposition
mat eri al |v§qége goi JWE%OSIFEQ.?”&F%@%@L%%%PB@%& nénggsaﬂfs%ﬁn@?%?% polymer is
sel ect ed fteopenatise gr cenditioprasidsssiestjvaly depasitein said wg patigras anefgr ﬁ@ol yners,
and conbi

o ecur sor T MREhBFSERce n kool B MeBlaie BN ER IR BaBR S ey i
sai d precuwattemsics aamrtmrghar@nfsam torttro!hogllimlumjtonﬂ.sa“dldepnetubmmata‘nablhal m 26,

wher ei n sg ggq@%@éj{)&%mg gndﬁg tggaﬁ%efp%&%r‘ Ql?ﬁa%%pup consi sting of: copper (I)

hexaf | uor & onat'e

hexaf | uor oacet yl acet onat e- 2- net hyl - | - hexene- 3-yne, copper (1)

hexaf | uoracetyl 4Gl AN3k 8 AaiRt'bd Werdit BB subdtatl FELLHREAT RN A& nat e(cod),
chip.

28. The method of claim 26, wherein said deposition surface and/or feature
surface compﬁses a surface selected from the group consisting of two-dimensional,
three-dimensional, bottom, ftat, horizontal, vertical, and combinations thereof.

29. The method of claim 26, wherein said features are selected from the group
consisting of vias, wells, trenches, gaps, holes, divots and combinations thereof.

30. The method of claim 29, wherein said vias have a |lateral dimension in the
range from about 250 nm to about 1 um and depths in the range from about 200 nm
to about 400 nm.

31. The method of claim 26, wherein said features have aspect ratios in the range
from about 2 to about 100.

32, The method of claim 26, wherein said deposition surface comprises a
material defect repairable by said method.

33. The method of claim 26, wherein said deposition surface comprises a
member selected from the group consisting of void(s), tunnel(s), interconnected
tunnel(s), micro-structure(s), nano-structure(s), or combinations thereof having a

three-dimensional surface.

34. The method of claim 33, wherein said micro- and/or nano-structures are
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Cu(l) hexaf | uor oacetyl acetonate-vinyl -trinethylsilane, Cu(ll)

hexaf | uoroacetonate, Cu(ll)hexafl uoroacetyl acetonate-vinyl-trinethylsilane,
Cu (1) hexafl uoropentanedi onate-vinyltrinmethylsilane conplex, Cu(ll)

hexaf | uor opent anedi onat e-vi nyl tri net hyl sil ane conpl ex, Cu(l)

hexaf | uor opent anedi onat e cycl ooct adi ene conplex, Cu (I1) hexafl uoro-2, 4-

pent anedi aflcfd fFFPPRRI grolip chiistihg @f)ﬁa@@l@érﬁdaaa@mwa)t earl($)| BRitiaverk)y! si | ane,
trirutheni undodecacar bonyl, ruthenocene, and conbi nations thereof. 52. The

met hod of "e¢mES ﬁ?@@(shﬁéméﬁﬁ’?@eﬁtrﬂd&'éﬁf%ltlon material is a netal. 53. The

met hod of cl aim52, \/\herel n sal d rret al is selected fromthe group
consisting of Cu Ti, Ta. 54. The nmethod of claim 26,
wherei n sai &%Jé@dﬁ%tbﬁd ei)ﬁwm %%yvh@r%@sais.r@lew CORQItORiCAMPHBRS ABIEILES o

barrier capidsaiafonh He Godis BbINUAY OF BresSiRSLiR&S; catllysis, reaction rates,

thermodynamic rates, thermal decomposition, and combinations thereof.

36. The method of claim 26, wherein said filling comprises depositing material
released from said precursor along said temperature gradient in said feature.

37. The method of claim 26, wherein said filing comprises a member selected
from the group consisting of partial, complete, asymmetric, conformal.

38. The method of claim 26, wherein said selective deposition comprises
asymmetrically filling of said features.

39. The method of claim 26, wherein said selective deposition comprises coating

the internal surfaces of said features.

40. The method of claim 26, wherein said temperature gradient comprises a two-
dimensional temperature gradient or three dimensional gradient for controlling

deposition selectively to said surface.

41. The method of claim 26, wherein said temperature gradient is generated in

conjunction with temperature programming.

42. The method of claim 26, wherein said solvent is selected from the group
consisting of carbon dioxide, ethane, ethylene, propane, butane, sulfurhexafluoride,
ammonia, and combinations thereof.

43. The method of claim 26, wherein said solvent further comprises at least one
reagent selected from the group consisting of reducing agents, oxidizing agents,
hydrogen, alcohols, ketones, and combinations thereof.

44. The method of claim 43, wherein said alcohols are selected from the group
consisting of methanol and ethanol.

45. The method of claim 43, wherein said ketone is acetone.
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46. The method of claim 26, wherein said deposition material is a nonmetal.

47. The methed of claim 26, wherein said deposition material is a polymer.

48. The method of claim 47, wherein said polymer is selected from the group
consisting of thermal polymers, grafting polymers, and combinations thereof.

49. The method of claim 26, wherein said precursor is a metal carbonyl
compound.

50. The method of claim 26, wherein said precursor is an organometallic
compound.

51. The method of claim 26, wherein said precursor is selected from the group
consisting of: copper () hexafluoracetylacetonate, copper(l)
hexafluoroacetylacetonate-2-methyl-1-hexene-3-yne, copper (1)
hexafluoracetylacetonate-2-butyne, copper () hexafluoracetylacetonate(cod),
Cu(lYhexafluoroacetylacetonate-vinyl-trimethylsilane, Cu(ll) hexafluoroacetonate,
Cu(lllhexafluoroacetylacetonate-vinyl-trimethylsilane, Cu (1)
hexafluoropentanedionate-vinyltrimethylsilane complex, Cu(ll)
hexafluoropentanedionate-vinyltrimethylsilane complex, Cu(l)
hexafluoropentanedionate cyclooctadiene complex, Cu (1) hexafluorc-2,4-
pentanedionate, copper (I) hexafluoracetylacetonate-trimethylvinylsilane,
trirutheniumdodecacarbonyl, ruthenocene, and combinations thereof.

52. The method of claim 26, wherein said deposition material is a metal.

53. The method of claim 52, wherein said metal is selected from the group
consisting of Cu, Ru, Zn, Ni, Al, W, Ti, Ta.

54, The method of claim 26, wherein said precursor comprises a deposition
material operable as a barrier cap layer for a semiconductor substrate.
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