METHOD AND APPARATUS FOR SELECTI VE DEPOSI TI ON OF
MATERI ALS TO SURFACES AND SUBSTRATES FI ELD OF THE

WO DMENTI46@N [ 0001] The present invention rel at eBCT/US2006/012151
generally to a nethod and an apparatus for selective
deposition of materials. Mre parti cuI arI y, t he

invention relates to a nmethod and an

METGHODBND ABFARATHE MARSELEC IVEDLRPRILION OF MATERIALS
substrate t her ebJOSHIRFACGES ANDSIBRIRAFES he

material deposited at, on, in, and/or along the

surface or substrate. The instant i nvention finds
application in such commercial processes as

sem conductor chi p ppaUHagETHENVERFFOGNOUND OF THE
I NVENTI ON [ 0002] Sem conductor chips used in a

mul titude of electronic devices are structured or
conposite substrates fabricated frommaterials

[OQB%LUdI n egheﬁjeg\? ﬁglt&n%lph ﬁgi{%ﬁ?ﬁ%né %ﬂ& t rfgﬁodgn@ an apparatus

mat eri al s For exanple, the critical ci rcwtrx nt
for melactivardenasition o malshalse Merec RRRSUstYwithe invention relates fo a

deposition of netals including, but not limted to,
methepie andaknnbppanatusurigs tsetectivalyt depositing dmateriaiai tomai surface or
pattern features, e.g., vias and trenches of the chip.

suﬂé@ratéfm%r@bytébrﬂﬂoﬂﬁ@cmlm‘ésgeﬁ thit raturghelepositgd ménon, in, and/or
densities, enhanced operating speeds and/ or

alsné'tﬁbegﬁﬂf&% Tl hshake.| efné Qﬁé’ﬂahﬁsin\?élﬂfo?\r f|ﬁ§§eapﬁillb¥tlon in such

I'ex geonetries are reqwre ootprln

ccgpmee?'@Lr%’r%cfsg?éﬁ‘i%%s BP0 Mg C‘*w‘*ﬁ of

materials is not guaranteed usi ng standard or
establ i shed i ndustry deposition

BACKGROUND OF THE INVENTION

[0002] Semiconductor chips used in a multitude 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



technol ogi es. Accordingly, a need exists for processes
that selectively deposit materials, e.g., as |ayers,
WO poogH0466 g. , deposition of barrier filns on sPCT/UBIV06/012151
waf er surfaces for sem conductor chip manufacturing),
and fillers or coatings to surfaces, sub-surfaces,
and/ or other surfaces

f ure patterns (e.g., vias), ar C
f%aj@{%aafé%wﬁ' Cé%i‘t'aaéﬁég degtease, gificiaf; eRtimumy and/or proper deposition
%hree-_di mensi onal voids), and tunnels (e.g.,
Of Mh@LHaIentsc hell ouarandeey usigvisteRdaml aTHEStRIINEING] @Niustry deposition
[ 0003] The present invention relates generally to a
tenbnbtagiemd Appendaigls & arestklegists or epestsesomatiselectively deposit
materials. More particularly, the invention relates to

materdlsoe. N dsamyarafidisUte.§ O deHlshioh Bre'b\éurrﬁ’ﬁpﬁlgﬁé oA9silicon wafer

materials to a surface or Substrate contro

i : j ' t urface or,.
R S bR B ERAR R 2 TR/ ePinas to surfaces,
ref oundar ere. sel ectjve deposition is
s sfiBats, RAua HateY: (16 a5k ot habvgaRealnaving complex
surfaces, vertical surfaces, flat surfaces, conplex
9@‘81’?“19?{!?&, §al nYOIFSr i (B, cheewimeasionahdvaidsknteadi dousnels (e.g.,
_of two-di nensional and/or three-dinensional surfaces
interepnaeeigd tuomelapt linited to, feature patterns,
voi ds, tunnels and interconnected tunnels, or the
i ke. [0005] In one aspect, the nethod of the
i nvention generally conprises providing a substrate

conposed of at leagﬂmﬁﬁR%?rfﬁt’lN\lE‘Nﬁ trate

i ncludi ng a deposition surface disposed to be heated
by a heating source(s); providing asolvent; providing
a precursor mscible in and stable at |iquid,

(5R r  TRE ripeinl BB slaes agnaraysos erod 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 material 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 to, 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 compArises
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



materi al releasable at a rel ease tenperature or

condition for the precursor; exposing the substrate
wa@paeiibiaepr ecur sor in the solvent; heating thePCT/US2006/012151

substrate generating a tenperature gradient at, on,

in, through, or along the surface, the surface being

t aor exceeding the rel ease, tenperatu for, t.he s
sqlyerdiPEYIaand RIRLEEY DO B BU iAo i ARl oft Ui near-critical, or
rel eased fromthe precursor and sel ectively deposited .
superefitisat Lganglitionsn fore 4 ns@vend, £heeRfRGUESQIy €omprising a deposition

established by a tenperature gradi ent thereby
material cdlbasable ¢ adepasettempengiter oacorditiomfyr the pracitsor; exposing
along the surface. In an enbodi nent of the nethod, the

theWitatd anbdahezsetatsor iR the dohentendathgren subdteate generating a

surface is vertical. In yet another embodinent, the
Xi [ j i i
e GiedofIRYE T RERSTHA S ohd ASeslia P ek ing ot o

horizontal . vertical, flat S r o
RSl Ral o Rt (EBperdy frr R R RRb Ao i AirebTitne depositon
surface conprises feature patterns having nmultiple or .
makafial s relarsed oM the peecuipeh AeY selRsdipierieRogigd © the surface in

surface conprises a two-di nensional surface. In yet
responseto advperatttg establishad by 8 temperatyes geadient thereby controlling
t hree- di nensi onal surface. In yet another enbodi nent,

thehtepbsitioroaatupiab at, 385 intiardder @lodg dhe sarfaes.c il @n embodiment of the
structures (e.g., dual danscene structures, voids

methdl, thd BUAScEiIROSI QAL 1Y ah8hkr eMHHb‘hhénf,Qh.@l-surface is vertical. In

I nterconnected tunnels), or the like. In sti yet

148 8P ERPELTR s, HACSPUALETE 7 cHB SEriE"difbo naving
O B SR eSSBS, oo B S yerea, e, anc
bct)’ttt]g}mrgautrfhaoc(tjes,o ]:)r tcgsnbiir?e\lltﬁ)?\tsi t%greco?‘. nr iyé’? gng{h%¥ie%ggdifarlent, 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 structures,
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



substrate or material having feature patterns and/or a
deposition surface di sposedto be heated by a heat
waomeae(dsy ; provi ding a precursor conprising aPCT/US2006/012151
deposition material rel easable at a rel ease
tenperature or condition for the precursor; exposing
the suhstrate or material to a.solvent fluid and the e
top PEdialan B & eah mp el bRoiaied d Blrourapl sty a deposition
conditions for the solvent; heating the substrate with )
meterigl saleprgble Al ecielegseyiemnaiaiung 05 Coadiien derthe precursor; exposing
gradient in the features; whereby the deposition
theasubstadte ics maledak talafsabvertHrigp adths greatirsohat liglidasear-critical,
tenperature or condition for the precursor and

os elLipetoriviehly coeditons ek it sBReheaheuthRy &slsabseatet th the heating
deposition surface in response to the tenperature

. . g : c .
S S R AL Bt ik TS (1 R RSP FHERI Pt dopositon
L rial in e 0 i

B35 35RE5bA G0 T ko o sl 4P Bnation tor
net hod, the tenperature gradient(s) .is fixed in tinme. .

then PEREA 1T 2B Gl gePomiecin f\%%,feewéefz A& Pn e deposition
gradient(s) is variable in tinme, e.g., changeable as a

sfifes iimresponsendo the tampereddengradienthsubsiaptialiv filieg the feature
gradient is generated in conjunction with tenperature

pattem($)moT rzg pottivnathersaimahd/ort eomissllirigutied thicknesdhef the deposition
tenperature gradient are programed to increase over

rigtd®al ith ’ﬂw@féﬁt@r%&s)%@@* 8n th&B8epB5MER BLIHEEE S In BA drilfodiment of the
tenperature gradi‘ent are programred to decrease over
i ' g t.he. t. f
o, SAEFRCEL BBl RTp R e ! SENERSP BBt o e
of, the feature to the top.of the feature(s) in
Rttt ToaStalinse Sradifal Sl it vetiabise RbriiGaSiay Changeable as a
features. In another enbodi nent, feature patterns are .
funstiordofuiitne. a laepd sembedingite the temperalsipp ryadiept 4s generated in
t enper ature gradi ent
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.



generated in the features. In yet another enbodi nent,

a deposition material is selectively deposited to both
W@ oobAacrs6 and to feature patterns, or porti onsPCT/US2006/012151

t hereof . [ 0007] In another aspect, a system of the

i nvention generally conprises a chanber for staging a

syhstrat e, _havi a deppsition surface. deliver n .

(G el visy AT ZsPoRh e (alRe it ey ERter Gener Eomprises a
m scible in the solvent and optional]y a chem cal

chanaben {a @ﬁgmﬁageﬁﬂbsﬁrétﬁ Ravieg i deppsitigh %urfac‘@ai gsehvery means for
near-critical, or supercritical tenperature for the

delbleviegta salvesdtiivid) andua peesyrsor hisablef icthebedlgnt and optionally a
di sposed in an operable thermal relationship with the

chsraican8daitve of (Sagdrrto tieweubstrate =t & Kyme a¢arr@itical, or supercritical
gradient at, in, on, or along the deposition surface

te?ﬁr%ééatﬁhréufgﬁﬁ@%@lv%ﬂﬂ 4 ﬁbﬁglﬁée%uﬂ:egﬁg@ﬁé ShBc8BeRid Asposed in an

€ precursor at ar ase t erature or

conditign f . r ; d b I\N f ‘
ofable pBRrpl tSuattiLi BlE. (pERIOgr $olER- o gnerating 2
deposition nmaterial fromthe precursor. selectivel
tepRIBtITeag ! ablosPR i GrAiRag &ie Sepeslionsubiape SEdte substrate and
response to the tenperature gradi ent thereby
releasing| & ideposhion owdelianframdiite precwraesd afretagse temperature or
mat eri al deposited to the surface or substrate. BRIEF
colitish Fol G SubStriEteDRAY WESré¢H0 Bdhtikd Gf thei substatatasthe release
various tenperature gradients at, in, on, through, or

teth9E1aLePesicbses Y f@qRssitioh Imatdi@ | HEAT qhesgﬁé@lfrgés selectively
vertical surfaces, and/or feature pattern surfaces

- . S ; ! e :
S0 5!y, Mg B HEESO A 800 to the temperature
oSS AR LSSl I B and & BB el aopostes
todtGF‘lSél sgunrfarcoeror 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.



sel ectively depositing materials on surfaces,
sub-surfaces, and/or in pattern features of a

waaiwstioabe. [ 0010] FIG 3 presents a cross-sectPOmab2006/012151
vi ew of a deposition vessel illustrating conponents
for selectively dep03|t|ng materials on a surface,

f d/y tt
PN " RS 2 o BEH £ GoptreHfio ol oty 7 ifoion vesel
s Eeiis c%ﬁqggfeﬁ'@%;fgggg%%g@g;a SO Sreleiiblsr o0 o suiface, a sub-

section defining a deposition chanber for selectively
sadaess iandfer pattespifeatsreg oba substrate. 4b presents a
vertical cross-sectional view of a top vessel section

[@011YH depoFiGi 4a pves=es a Vdrticdlrarbssrgectiorstl vievd obatdegtosition vessel
lines to a deposition chanber, including dinensions,

irRfemig bngpt iesaB| SedRA, BERGttEHh VidaSel suidhi Sy a[é?é?ﬁéi vessel section
FIG 4c presents a vertical cross- sectional view of a
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0678, Sl e F‘fﬁé%"%%ﬁ%nﬁﬁwfii’&% ——

€resents a vertical cross-sectional view of a center
ésdepogitien jvessek illysiaingiinlebandeautiat linps triiangeposition chamber,
di mensi ons, according to an enbodi nent of the
ir@bpﬁm@dimeltﬁiom&@dcwﬁng iteoan gnaigddineht Gf theeinpertemt s a

hori zontal cross-sectional (superior) view of a bottom

[0&K3jel seFlGodcopresedrpasidriicdl aressSectibhalsyiedat bhd bottom vessel

conmponents nounted therein including a heating stage,
s8&frSofl £ HePB&HGH VesSaFIGkEHh T dfifoltfRl to¥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



stage, feedthroughs providing entry and exit points

for electrical and thernocouple wiring and heat
wez@hamyes coils, according to an enbodi nent oPCT/H82006/012151

invention. [0016] FIG 5 illustrates a conposite

substrate conprising features (e.g., vias), various

lalp/gbgg gur(f@eq%e@dgé %&Fjﬂgg a&/ri g%i @Prfbggse rfzq(r ztorﬁh%l gdr%a'@es vertical

surfaces flat sur faces horlzontal aces, ert
sWi{RGess e8lC- et BUR-SULEELS UiG g e foatWEy. Sur%ggﬁ)”@nd or other substrate
surfaces), and/or other substrate structures of a type
steudturesl off ar typel suitable fwpeelective depesiiét danseceidehce with the
the invention. [0017] FIG 6 illustrates a conposite
invehddénm.ate, e.g., a sem conductor chip coupon,

illustrating a tenperature gradient in accordance with

[60*7]i nvengi@nefimistedtbs 'cB%ﬁ&ﬁ@%dbs‘%té’fe@ dépéé‘-‘rh'bbﬁﬂuctor chip
matérial (e.g., rutheniumnetal) selectively filling

o elﬂap%;é;* A o (S enin
AR B 58 LA B NS Bl el ing

(vi as) of a sem conductor chip substrate coupon in ]
suksteate patiermieaturgs (erthodpakintrespoRgfeta hhl@etﬁmnﬁﬁatur@g@jlent-

FIG 8 illustrates a conposite substrate, e.g.

[@C=+8]conduElGr 7ciprgserdsippnScaniingt Ekecirng Mlcﬁmgremh (SEM) showing
tenperature gradient in accordance with the invention

sél@&tl\ﬁifé@éd@iﬂ)rﬂeﬁﬂshﬁh@rﬂuﬁf RetRPAP| phlermeEt eebRires (vias) of a
g., copper netal) selectively filling substrate

s&ﬂf Hgfo‘?%&%b(é}’ra?égohp?ﬁ SRPRRdded Bt %Hp%ﬁberﬁent of the

gr adi ustrates a conposit

substrate, e.g., a sem conductor chip
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



coupon, illustrating yet another tenperature gradient

in accordance with the invention for effecting
waoelewoeddi4son, e.g., in a bottomup deposition nmpAEUSWD6/6I2151

deposition material (e.g., rutheniumnetal) in pattern

features (vias) coating selected portions of the

' t . i .
PP SRR e R 685 cTn s RIRE b SheofE R Hespragnpe with an
E how .de ition of ruthenium netal
eé‘gﬂoghéme&);ﬂgﬁn‘fé&%brlned f eat Sres |(\le as),
coatingportions of the features, of a sem conductor
[Q8234 subsFlGt 31 illysteates adepoposite Bubsiraleh €43-nensemiconductor chip
the invention. [0022] FIG 11 illustrates a conposite

cauht, rilugtratingg still yes emothard terhparatire pgiedigndnin accordance with the
illustrating still yet another tenperature gradient in

invenRo sl anceffadting désoditiore bl haegaeitionl maedrial9e deprshdiian metal) to
of a deposition material (e.g., rutheniumnetal) to

egt?égr.?‘é,lr@rfa%érsf 85630 e f@Qer?éa g\éiggmé‘.gesin(é( it?[g)(external) surface-

n a top (external) sur éposi t1on node;

ectively coating the features apd, surfaces in .
I580 HinalRich FRBS, St PBMHE I RB TR 35 Sinfoes;p response to
presents a Scanni ng El ectron M crograph (SEM show ng
thetepmsrairaghadiett.on in response to a tenperature
gradi ent of rutheniummnetal on top (external) surfaces
[G0RB]al ongFlGy tI2c presanis woiScaoning Eestfarc ddicaigraph (SEM) showing
patterned feature (e.g., via) coating the features of
selesiva depdsitibarin abspossd st atePnparatire cradrmt fWuthedil® metal on

i nvention. DETAILED DESCRI PTI ON [ 0024] Wile the
to?{) B8 WEMhAahd 465§ Vehfichi NS NBrivhhBI 'SBHEEEE G 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



nmet hod(s), apparatus, systen(s), and enbodi nents

thereof, it should be understood that the invention is
wmoeaosl1dirné ed t hereto, and various alternati vesPCTUSZIONG012151

and detail may be nade therein w thout departing from

the spi rit and scope of the invention. In parti cul ar,

in the a{ ?éyll appreci ate g h-
a'&%r’f‘&pﬁfﬂas %?ewmm%aa E\ ?dP%é%F“ﬁrﬁ& k}%‘? % fNgh-pressure pumps
fl uids, precursors, and/or reagents as descri bed
and rRYMAPIRGy SYRiepISacYarists pRdinsr Msliple ehambesisn 4.6 wie) sevacuation,
For exanpl e, application of the nmethodand apparatus on
ripsing nadt/or aleposiion, nand/cnsysieses sk transfargng pnessng.etransporting,
punps and punping systens, various and/or nultiple

c@hbmnfg,smixmg-deIiﬂ@ﬁn@‘éﬁdA@@@P@WmQ vasomgflgiace)osolvent(s), reagent(s),
deposition, and/or systems for transferring, noving,

ahd/d ?)Pé&}rb@ﬁs) 8(%? %k?aymlé‘at A a bs Iﬁﬁfde@glngnéié?é for utilizing the

app ying vario vent , reaget

PO LR PR ARER vt e

resent inventjon, or for post-processing collection
aﬁ’%&ﬁem&%a'éﬁnéf eptRiate ﬁlv'%gfr‘%‘f apd ”Zaﬁaésﬁﬂ%?’reby’ as would
envi si oned and enconpassed hereby, as would be
be pefformed Whpﬁegésgﬁ infig artin the art. [0025] The
rate of heat transfer in a substrate, material, or
[0026]d dep@hdgatenopheht tantiee ih esulpdtratonhateiialj by flafd depends in
the substrate, material, or fluid. Thernal

pﬁ@ Néky CthisV tﬁéfn{aWﬁﬁcﬂJétlﬂqt)) df eih%t gebstrgteN anbtdrialiX of WUTE) Thermal

lowi ng through a material if a certain tenperature

cc%{cfl%gtgﬁ\% é\?\Pgmp?(“ Vafattey'th%t ﬁé‘%l‘efrl \ﬁ/im&'qd@nnﬁxthf‘d@h a material if a

dep03| ion

hstrate is effe resp oaterrp t.ure. .

Sraln Ereralure @3Bl Al BET At Gisidhets F Pack Milgrists.  Selective
dep05|t|on is desired, which in turn is affected by
depesifioieriga@ é%f@ﬂé‘hﬁﬁ“ff@c%f of hubgdigte us effacigsd 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 fluids,
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



solvents, and/or materials present in the deposition

envi ronnent. For exanple, the thermal conductivity of
wa@:2@elieabed sol vent determines its ability to PCEFESaé/e2151

heat froma surface or a substrate in contact with the

sol vent and thus the tenperature control effected in,

o) BRI SRR Ay, 00 gy (o0
)T BB RS, A AR RS ven

transport expected through the rmterl al (s) of the

temwa? wes abr in@neor atong areeieried sleperiionaareacor sufaceemay not be
through a material ultimately determ nes the

directfye reasuealge ado enfliesit afyprogineatiorel thei teenparaturef greelient may be
(e.g., horizontal or vertical), feature patterns

aéSurfled 10 Bb aoﬂlnééhetéHAp'i#at@%mﬁJﬁétlér\Jfcfa’#@tﬂéte‘éif a8 the difference in
substrate or material. Gven that tenperatures at, in,

R R e -
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tenperature (e.g., Ti -T2) between two |ocations ( and
L2) divided by the distanEe_Hétwéeh the |ocations, as 1]
shown from equation [1]: Afor (€xampj e, a heating source
in thermal contact with the bottom of a sem conductor
f r r ener a
PO et e rRafg %hrﬁac%gﬂﬁt Rt PRIRE Dfiiedne botiom of a
strat in contact wiith the heat
S%raﬂmgusior&ﬁw ok gt 2B SeRiaiEs B LrdparaurG iAioat vertically
yer at a second |ocation L2 and tenperature T2,
thgsoggh the sehsteatadretweper ed. sthgl substiaie laysiiria @ontafé with the heating
di stance between the two | ocations being given by the
salirfcé ext enfirst locatioR. L,Famdntiérnperature T4 and a layer at a second location L,

and temperature T, e.g., an external layer distal to the source, the distance
between the two locations being given by the difference Li-Lo. 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

10



i nformati on, the approximate tenperature at a desired

deposition surface along the tenperature gradi ent may
wheotesoisemt ed. Tenperatures at sel ected deposi PCDES2006/012151

surfaces in nultilayered or conposite substrates may

be simlarly approximated. In but one illustrative

nGEieRoP %) T @eioo ol R I Ko e cieeorthl) o, Befiorate temperature

substrate along a vertical tenperature gradient
gradinptsatvadieshesugh funeticiuef the emsdenalt sSUrfRceexpecedptrate (e.g.,

tenperature drop per unit distance along that gradient
sehficheduxadic shipseahd fwafers)hicompositioer af tivee (zgtedal anpubstrate (e.g.,

deposition surface (e.g., pattern featured surface)

méol?ﬂ Srﬁ)ﬁn@éﬁai, [FRAAer)ARatirt lof e RegteAbeds ibstidie (pgy. siwmogeneous,

I 1n'the art, the ability to generate

he&%@?lﬁg{)ﬂé,e ng&fg eRE S péﬁt%d >Sindal 'ggg%d%tiﬁé, Wﬂ;’ﬂﬂ% conducting),

surrace, or Strate ., Sem conductor

chips and wafers onposi tion of th ] I
oA esgion SRS Rehmanaled. yagHe T dipfigt,pnd thermal
the material or substrate Se.g., homgeneous, o :
conduietityésleoiugelegiedonaterials ,pr@aeaath),r@eﬂ}a},ﬁ@ solvent(s) utilized in
conducting, highly conducting), orientation of
thd elepositionrenvirohaees. (e. g., angl ed, vertical,
hori zontal, flat), and thermal conductivity(s) of

[0d2bECt ed T@h?éﬂa@&hr@s)achiéeégeéﬂ Gs3urfddaliddesio aatemperature gradient
solvent(s) utilized in the deposition environnment.

ge{n%ggrt@h £MRebA tHr6u ,hbre‘é\%%tggﬁ Qirzieel BMemale of @x@eed the release

enperatare gradi ent ‘genera at, in, on, through, or

0 % o S b ef A, b e olowin
_denoted by the follow ng inequality [2]: Tsurface - |

inpauld% &1L J

Tsurface Z Trelease 2]

where Teurace 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 (“released”) 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

11



where TSUrfac e is the tenperature at, in, on, or
al ong the deposition surface and Treiease is the

WO eloedsres enperature for the precursor. The teP@T/US2006/012151
"rel ease tenperature” as used herein refers to the
tenperature at which a deposition material is rel eased

“Berégé%?q,,%%c erego%ﬁnorb?t %ﬁg#]\%éﬁ\f\étzqerggr &ggﬁgﬂgeggmgog?on temperature
di ssoci ati on, or thermal deconposition of the

f%ﬂ@%@f%‘é’rr?@ﬂ:or exanpl e, a precur sor conposed of a

polyner is nmade available ("rel eased") for deposition

[G027 surf bvgendrah thegreatef ﬂtesdnffermmeabemeeectamr@r@hures Ty and Ty,
exceeds the polynerization tenperature (its "rel ease

(il PEFRY) U &' gpedifiéd eerppéipiire. griadicrt alcfined eatawpl [ecattons L1 and Lo,
nmetal present in an organonetallic precursor is nade

t@vﬁeﬂté‘rbfh‘e(déﬁéé?ﬁéﬁgeﬂacfnﬂf ECB? 0%t td PRafidén) 'ﬂﬁ?ermodynamlo and kinetic

di ssoci ati on or thermnal 50si tion tenper ature for

r%Fg fozro%%%%ﬁ‘éét ﬁégoéﬁr@pg ﬁﬂ‘?@@kqﬁ&;ﬁgﬂegﬂrgf)n totfesktp. in the art will
forlisT) UEAETSERG (oG imBaetiRe BotTueh dRPasUpL PErYh Wil vary as a
selectivity (e.g., at a location), ther nodynam ¢ and

fucictieni of r tieePresursefsosialeciad. Al Gpitetians aref hereby intended. All

t hi ckness. The person of skill in the art will further

tampemnstrergtatieats brdpesairsomsasawilviie séledispldsy theoperson wf skill in the
will vary as a function of the precursors selected. No

ahlgfbt"eédrga,sat@@ﬁemheby i ntended. All tenperature
gradients and precursors as will be selected by the

f I L
SR A %q?é{@‘d%‘ié’gr’@?é? SR, A Fienvention is not
"%ggcfogf%i?%{}ﬁsf glﬁlﬁéqg rgv@]ttgr%()tg(r)qjﬁpeeﬁrﬂ Ldeggil, precursors  that

t hat
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

12



rel ease deposition materials in response to
tenperatures). In particular, both deposition and

w0 edoeasrechem stries are al so control |l ed and/ oPCT/US2006/012151
i nfluenced by such factors as pressure, catalysis,
cogcentrati on, reaction rates (e.g., deconposition),
other rate paraneters (e.g., therpodynamc¢, rates, . . .

Wil (DT GmRRrBU) d O JBRGN i ESHOICERGEL WAN [thg Preggnt invention. Al
conbi nations thereof. Control of materi al

processes] rabdalities; andépogiarameterar geseeatingr sronglitions esuitable for
has inplications for selective deposition of

selBtios idipositionedfaineteridls tmeubsteatas iangl/emsiirtacesepsidesorfibed herein
substrates, including, e.g., sem conductor chip

aré)ﬁlﬁ%‘f feffeeﬁcacﬁ%?éﬂheﬁéégﬁ%\?&ﬂ@hf UG aehitbhien€are hEby intended.

acture of tiny devices including, e.g.,

oBRHETE S PR LU BB o BRI s SRR s

_ waf er substrates, can .inyvolve selectiyel . ernovi

InGladiog; ALfenol imited B HORERBIA TS Eata CElEl Fulfkps 3. feature
depositingwi th ot her materi alé]s_) (e.qg., refilling) in )

suiaces dbrevdernal Isurfagep fe seposedv@bengad sariacgs & d8sluding portions
nodal ities, and/or paranmeters generating conditions

arflsdaibhe thercos 7 exd illustratepds ithe iguref, varioes texhgertature gradient(s) 8
substrates and/or surfaces as described herein are

calf b8iderichstediCiaPEorifinétith RitRSKeL of BifRéntoNeatMy source(s) 40 in an
aﬁ métdg}i ons are hrgreby i ntended. [0029] FI Ghd@l ) y

i t € tf:a i rj I &+ gl i
LS For AL ASIE O, VR AP e 8l el o
urfaces 2, . .vertical rfaces 3, .feature.sur e ;
subgiralthal Heaing soures Al ekt i’&éo%SdH%LP%ﬁSé?%eﬁ“ﬁa‘red heating
i ncl udi ng portions and sections thereof 7. As _ .
squreesst ¢anveative haading; spnees.valechisa! heating saurees, resistive heating
gradient(s) 8 can be generated in conjunction with )
sdurées, arltrasdriie heating esireas, soechanicdl heating spuyces, chemical heating

orientation or any depth at, in, on, through, or along

SEHEESCES cOMbInTRING! thdlre®®  Alternatively, substrate 42 may be rotated or
oriented such that temperature gradients 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., a 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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substrate. Heating sources 40 include, but are not
limted to, infra-red heating sources, convective
woeabiiogesour ces, el ectrical heating sources, PEFUSI00&/€12151
heati ng sources, ultrasonic heating sources,
rrechaprio_cal heati ng sources, chem'cal heating sources,
or conbi nation hereof . Alternatiyely, substra .
SHTMEIr®. (Pe ol ARSI FIUCEREPH SEV NG SORHES dectfetries.  For
gradients nmay be generated at, in, on, through, or
exahnpie, wetesial Uepasitionfcaadse proraelsdusriestiielnPR R esdimgnsional flat
source(s) 40. No |imtations are hereby intended.
sukfeea0e.as herizbniae laysre gufi 2 exbrhigondiectpresubsirate skicompiasite), or a
the art, tenperature gradients will vary in width from
pIRESH BVErbEr, UshiRy RINGEITBARE IghadieAtdgendratial ventically tibanward through
or section of a material or alternatively

thSa@E@%ﬁr‘; [éﬁ(grr Sulh th{%@ ,’%%‘2‘ lg[a%uﬁéleﬁttﬁ@to% %ﬁ%ﬁcﬁté@éce or a limited

nor e, ure gradients y

enerated_in one, two nd,t hree di ' c '

PP et S Do o et REPBRE ot e ppebursor. In
ot her conplex structures (e.g., two- anéi .

anatihele YRS 8ntarBPeatder egacg@nfggs%na@é? diireghy (R horizontal two-
structures) having conpl ex geonetries. For exanple,

dimenhsional sdepos ot iayer vdrerbin watarperataesafithetgmpgaraiure gradient
two-di nensional flat surface (e.g., horizontal |ayers

ar8f edcis eRbipeAIALG L& thebsirfadee swlectivepdeposilion ozara be controlled by
portion thereof, using tenperature gradi ents generated

m?ﬁ{gﬂe{t@n' %f g@\m}%@rgﬁ)r{aﬁ;ﬁ%g&n? heurder agghpiraluay Zgra‘di’érﬁs may be

lim ezngg[ti an_t her eof pos%u En?ggrfggeé o{g e .
gi?ﬁ%fgﬁuﬁ'wgrmfﬁé'a&’ é%@gﬂ%{g ’%ndano@ger (e'g_éir;[{) eCfF' %g’ wells, vias,
aqd,\ggq w@agégM&fnagq']S?rﬁ%%?r@,%{qartgg&é%ﬁagﬁw""@&g{rﬁé’d‘ %oa}lvoids, tunnels,

tenperatures of the tenperature gradient
and interconnected tunnels having complex tgree 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.g., 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 temperature

programming, control of temperatures for various temperature gradients has an
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are each maintained on the surface, selective
deposition can be controlled by mani pul ati on of

Wo empaosbar es therein. Further, tenperature gredi/es1086/012151
may be generated in various materials, substrates, and
features (e.g., trenches, wells, vias, and the like),

as well as other structyres includin but, not.limted.
effest, Opiepositim HuPRIESSaAHHRIERAD HATEY O rﬂ»?a%'tmvﬁ*wgeﬂa' made
conpl ex three dimensional surfaces. In addition, .
avdigiiisito izosystem, Be.sby eontrokofprgickeser & reagent ¢erassration, affects
| ocation or area of a substrate or surface, including
depositibanhidkdhessofn aor ealbioelimant, tempecatues(s) fier angives temperature
deposition surface. [0031] The person of skill in the
gr iént"‘h‘ B! DFRAMNSEP & HébrebBal réneaineionstirtt, oF mdreagesfor periods
for seléctive control of deposition may also be varied
e. .. Far : hLent i
g LR RSP CReglEIREIEEHNE BeRfloR fof BXaRble, ramping of
sfatic tenperature systemw.th static r .
SUPEREIPETRGBIE) B 2 G AR A B 20 HEEROCH Begieting temperature
effect on deposition thickness. However, whe ,
of flsieheelutianis3 T peniagh il the Gubayalensuiags, In gehanother embodiment,
t hrough tenperature progranm ng, control of
tenpepsusd(s) &x 4 givendempesatuesrgeadientr raay hedprogrammad to increase in
anef fect on deposition thickness. Additionally,
tirfd!aBtrehai® fixde P ikl endasieastah tiffsor & fidiudd eombiretions thereof.
system e.g., by control of precursor or reagent

Ncg ﬁ@g@ﬂ%ﬁ%\f@[ﬁteﬁé&? %I?te?@?é??idré QBribbleS kMRS prg)t@ré’fﬂming as will be

enperature or a glven tenper ure

. gradi ent, may be progr.anmed ' ;
inblaropaid e hReldl SRUFN shP BEET BRRErayof B §mporgture radients
thereby effecting selective deposjtion. For exanple,
relaé%mgel@pﬂg@ﬂea@%t%ﬁb%m@mfé%%f] BerelN-gi ven substrate
can be effected by altering tenperature
[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 o 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.
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of fluid solution(s) in contact with the substrate

surface. In yet another enbodi nent, tenperature(s) for
W@ 2@6ueses enper at ure gradi ent rmay be progr anmeRCT/0S2006/012151

increase in tine, to remain fixed in tinme, to decrease

in time, or to include conbinations thereof. No

g ?t i og@ mﬁﬁagfﬂdﬁ?ﬁ?m | t%B”Bgrh@ht%&gt%@%a@'aegenchmp scale

person of skill in the art for generation of
design éerapraciicigatiiceRrosepe|ohtael "B‘éﬁ@@ﬁe@@%"@'%%ﬁr‘t ppodiment of
are incorporated herein. [0032] In an enbodi nent of
theheventicent Spstema0 eongiriseswy deposiidrevessal IR ide peposiding materials
tolimted areas 7 of a substrate 42 in conjunction

salbétvelp bhi Peabsteste, say! withinddatidrned Yéatarss bf bussrhiebhdector wafer
exanpl e a first heatl ng source, e.g., a conducting

of %d Bssd1SE E6GhIES t& aséﬂ?\?é tafuid %6ﬂﬁdéd*lﬁlgeghrlﬂﬁlfhlgh purity

Su strateto an exterior SUI‘ ace. The conduct’in

O AR b b e TebBab O8O0, BB el 26699, Pressure s

throuhthe substrate to the ce al th

pr@sr@m%l%@n@ maipigined tﬂ:ﬁﬁ’@ﬁhi@ V%%%@Pﬂgttevr fegd pump 18, e.g. a
surface of the substrate to a tenperature above the

modek 266-1) aniseoprpaessaraoniiolios sydnge UMMHESEBY Ing., Lincoln, NB) in
deposition material is selectively deposited at the

flpp@i conrgctionmiditad selveat gbutcec A4 z &b viesat iand. cémpypseats comprising
for selective deposition wll now be described wth

syfs%t’ﬁrﬂf‘éﬁa bPerlitelydink88 3 0’62@-0 @30'|ﬂ1éﬁt pabAg 1?;‘1 6-inch O.D. high-

conpl et e deposition system 10 of a benchtop scal e

AR B APt DT e, 2 g 1 o o
StFah; Brmes| GunpUEng BHER SUbbihufE %@p@i‘ﬁ%‘mﬁ%ﬂ WWhidbey Island,
atterned features of a sem conductor wafe
ptstainiess\aieeldubing, bubisi na limites tb@raientsqlveantél%lﬁIetc_roduced to

14, e.g., ultra-high-purity
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 transfer 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.g., 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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CO»2, and an optional reagent source 16, e.g., hydrogen

(99.5% . Pressure is progranmmed and nmaintained in
WGaywhani4® and vessel 12 by feed punp 18, e.g.PCHUAIED12151

260-D m croprocessor-controll ed syringe punp (I SCO

Inc., Lincoln, NB) in fluid connection with solvent

1304560 TR 550 e GRGBENIER o BT BB et v

1/ 16t h- |nch O. D. hi ghpressure |iquid chromatograp y
V@ﬁﬁ_d)z 8 HFFQ%POPP'ﬁg(tg)a E{Pt%f@n%'&@és%m y g@r@t,r%ﬁmd@' 15-61AF1
ymer conprising PEEK(tm (Upchurch Scientific Inc.
Saﬁ@i)dbb%dsl(bdlgh Rrgsaire stguipresst sCeal Erigi ngA) bpreventing over-
not limted thereto. Solvent fluid is introduced to

pressadkatich of aesseltENdyedsylad Y ¢ 28upled Blectdicanded clfredt source 30
1AF1 two-way straight valve (H gh Pressure Equi pnent

fo@%eatiﬁ? Is%bsPé%esOéndiﬂH‘a@%tréoﬁrcb%%lxés@éﬁﬁz W%'xé/stsé\mﬂseﬁmer linked

connection val ve (H gh Pressure Equi pnent

I
Sl o RS OHE P o O AR5 o
SRS R LSRR AT sonan
straight valve (H gh Pressure Eqw pmrent Co., Erie,

thmocs@pl@éﬁweraw@dm%ay 8r¥bursors, and/or fluids may

be m xed optionally in a prem xing cell 36 prior to
[0084]oduct The perscessH| skill. inA the eastumdll g@eggni2é, tkeatgeguipment is
a Bourdon tube-type Hei se gauge (Dresser, Inc.

applitiation, driven l@]@%heébegpﬁl@pvaﬁﬁ?'sch?ed ‘Hnd‘”fé@ﬁﬁ@urré@l to address
pressure in system 10 or alternative pressure readout

Fo A, SR R A e

pérzpé)isgs ylfn%lg'dey@ %@Zfdﬁqm(}ga it sc?c%r;ﬁsegﬂfi %eglglggﬁgon For example,

Equi pnent Co., Erie, PA) prevent| ng over pressurization
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 components as would be
selected by those of skill in the art are hereby incorporated. Components internal 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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of vessel 12. Vessel 12 is coupled electrically to
current source 30 for heating substrates and fluids

WO posooideed to vessel 12. Vessel 12 is furtherPCT/nRm®d6/012151
to cooling source 32, e.g., a circulation bath or a
cooling water line, for nai ntai ni ng tenperature in
vessel 12. Tenperature of ves

sulgsurgaes) am’é@h‘ﬂb@ﬂﬁ@@p{‘féﬁﬁ%@% lEP%"%?% |Sé&/"f5€s%fa%§9 Noids, tunnels)

[0034] The person of skill in the art will recognize
actdrdingeiguap semiodirseappl thednvenian. i Vesselid %%mpﬁees a heating stage
appropriately scaled and configured to address
38sResi fa o5apR §¢@§hrtm5ase hdvisdlectric™ egatere(@Bt Advanced Ceramics,
processes / or manufacturing purposes w thout

Strgﬁrrjéér Qg?ﬁ Orﬁbhhfedsrrbfbéraﬂﬂe SERRR Posthe(starveofisprwith a M-2

manuf acturi ng and/ or processi ng of

gr@g C' a @ﬁaléﬁ c£e ﬂpgd QerQhengloW PEfbriiceics FiGd4c. Heating

transf t ' |gcor porate various

er systensg an Vi ces el i

staggr &9 HRHPIY 6 %ﬂﬁer%@rd‘?%ﬁ“f@eé‘?w@ 401 e 5@8&8&63@ core or
integration and control, and/or other alli

registheebeitey elgpeenrintor healingasibsiate 42 pear!rpaﬁgrﬂn stage 38. Substrate
conmponents. Thus, no limtation is intended to the

42bie11edid 96 Placy encitage 38ens ed.gdeshgldingeskiy #Bear oibieeihelding means.
Al'l equi prent and conponents as woul d be sel ected by

Héég%&%hgﬁ ka4 born@nt:,ée aadlbraﬁfﬁoﬁ‘rﬁfcﬁh?ldoﬂsmm,aigd of 1/8 inch O.D.

nponen s Internal to vessel 12 w now be descri bed

stcyg'b 85? s?%&rtﬁBﬁr LRl B e§<oh é)’r5l4 %\Jﬁouﬁdm@aﬁﬁ@f §tage 38 providing

ctron view of a OSI tion vessel

b oIBEL blg SHUGHEL Sty ésda TRl g 12.

substrates (e.g., seniconductor supstrate

bef eegagrézads by- %\@seaefegkl" dAdiher atthat t%ﬁﬁ@z{"e &8htl (e.g., cooling
t hree-di nensi onal surfaces (e.g., voids, tunnels)

and/or heating) of vessel 12 may be achieved in various alternate’ways using, e.g.,

cooling towers, chillers, refrigeration units, temperature controllers, 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. 4¢. 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 vessel section

72.  Thermocouples 50, e.g., Type-K thermocouples (Omega, Engineering,
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according to an enbodi nent of the invention. Vessel 12
conprises a heating stage 38, e.g., a 25 mm

w@e@phoises base borael ectric(tnm) heater (GE AdvROI/EH2006/012151
Ceram cs, Strongsville, OH) nounted to ceram c staging
posts (stand-offs) with a M2 (graphite) nmounting kit,

descr | further b i f

SERTMEE) MBS Bl BERAER b8 R 7. 8.0 o neating
40, e.g., raphite heater core_or re e h

Stagé Abhof sHBBIREA?. n@“fggbg salventyBuig ag A Tarhisp ?§§9[§’@|3 therein),
38. Substrate 42 is held in place on stage 38 bly

linking electticalyi hg tetriperagrerdisplagrdevices ¢ extaisal featessel 12 via

exchanger 44 conprises a plurality of cooling coils

therdecoeple-leadfwiding 52nthiat enters sieasell £2 throughla separage feedthrough
Coil s of exchanger 44 surround heating stage 38

4@ le:‘é'téii nﬁbg;t%mqre%tséré&@mmlbu% i ﬁd)tl#*egfrﬁ“)ted w,bétd aFESdthrough(s)
or wafer S i ntroduced to vessel It wil

4(% %i%%éﬁeﬁ&f gg@éﬂf;ﬁp%gs&@ tln gega %ﬁl@% ;ftt?%l fittlngs (CONAX,

BufaiRg N W%quq‘irgfoﬁéﬁ&);& Va%%isé’&é’ﬁ'e%ﬁ%?e;oir %Hm may be
units, tenperature control l ers, thernostats

prexisieshanecessary fneinking gewcen axisyaaldas/essel 12 reeal(s)d effects a
is thus intended. In the instant configuration, coils

pressearechiach Empdrbtoreusdat in vessmd I1i2rpgim#durim:teocﬂﬂ:tibhrojd@|id constituents.
feedt hrough(s) 54 that enters vessel 12 through the

V@@éélom aRRer c&ﬁﬁiris@@ d? optieasar hbRind WeisBer 58eledyy, ian crucible, for
reference to FIG 4c. Feedthrough 54 is seal ed using

e eﬁf#.bfesé'”%ﬂfcﬂg%?d%@eﬁ??éa?é 1g#be optonaly
oA 3B S5 ol B oA, & fylivoafoCedP%s prior 10
ln?r'og\égtllgn (tjo vc(a)s_gel 12n deélﬁor?élac%er}nggne\Htg (Wavrlclzensg 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, transferring 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. 4a-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, lilinois), having a

bench-scale design, comprising a top vessel section 70, a bottom vessel section 72,
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48 that enters vessel 12 through feedthrough 46
| ocated in bottom vessel section 72. Thernocoupl es 50,

we 2@s/105ype- K t her nocoupl es ( Orega, PCT/US2006/012151
Engi neering, Stanford, CT) are positioned to neasure
tenperatures in vessel 12, e.g., of heating stage 38,
of substrate 42, and/or of solvent flujd 59 (a

and eacpanter ¥6588)| seetipny dinmachingd R %r%*&%%oesmm?ta! 0&-g- titanium.
tenperature di splay devices 34 external to vessel 12

Sewiieng 1@y 2; camd §4 asel asseniipds 2ndhaecad eins plaseswith 1gplit C-type
through a separate feedthrough 46 |located in bottom

clahRss 26 tREEhiount éRdingUsversserting et iortiens 7Bemathined into each of
Feedt hrough(s) 46 are seal ed using hi gh-pressure

tO%Z?‘f a@%rﬁm e‘ar% %erﬁEF"VE (Y%§§elséé%‘ﬁbn§' telshBegvdIEd¥esting a pressure

Ve f eedt hrough(s) or passage neans

. 0., condui

ot e n B2 B o0 SRR o v o s
e t

ot $90KRG | WG o cRoRoRae FITGLG n BT CHRLRE O GRdwey 46  When
further conprises an optional hol ding vessel 56,

assembied, biop, seéctiondi7Tdpdrationy sectienr&dbr ang Gaftter %PU%% 4 define a
fluid 59. Precursor 58 nmay be optionally prem xed with

depekivientchantierrsnt hewindea@htsemiposad of sapphing (Ceystal3gystems Inc.,
prior to introduction to vessel 12. Additi onal

Sa@&ﬂp‘i’lﬁl@@@?@% 'dbﬁénamﬂ609|ﬂ§hé@ﬁﬁﬂbp vsR¥ebseetigr Boedr inspecting

Ihout resefvation, e€. or data
eah%cf&lﬂ?;p@‘a@%g%rfdgﬁﬂk gloh%ﬁs‘a?'ﬁ g‘%f,?nﬁbtﬂtgé naor{%f lriéé tg ltn’goduced to

SR, T RS SR TP AR GBI EL gt

vessel s, transferring systens and devic

withadrigl gesformaace cisehera @péﬁaﬁwan%spr?e%@nﬁom noggl GP-KR222
sel ected by the person of skill in the art are hereby

Coloc @GDraameera (Rods Hduse Rresisiels G2owp.| Middatayen, i) mupled to a

described with

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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reference to FIGS. 4a-4e. [0036] FIG 4a illustrates a
vertical cross-sectional view of a deposition vessel

wa 200680966 a series 4560 M ni Bench Top Parr (rCT/esmbe012151
(Mline, Illinois), having a bench-scal e design,
conprising a top vessel section 70, a bottom vessel
section 72,and a center vessel

] ! ¢ _ section 74 hi ned of . .

handing o8 rdimenkipNel ADOUS. G067 (nehes th 178D bHe 196 ntaducing fluids
and 74 are assenbled and secured in place with split

(soBréntpereabantss psnixedtfluids,efc. 5id wrasgl dder securing rim
portions 78 nmachined into each of top 70, bottom 72,

[0638] cent pIG7AcURSS offseRcan@iimensiopsdn ibaitom vesteksectipn 72 for
a pressure and tenperature seal in vessel 12. C anps

fe%%@?p%%?ﬁnk@e@bﬁﬁ%l Wirfh PoEf @MW OURSK B0 G0 \rll\'vl?gﬁng stage 38

Itldoned about t perinmeter of clanps 76.

S ed, top section 7 i /e ;

mgzﬁ q s> 20 ffinc it 82 FCREERT 2 o 3hepegtive readout
wi ndow 84 conposed of sapphire (Crystal t I .

andlar aiFPIRA SYSPE5) 34 R BRATeVBUEY: FaREIMTPHOR ) B4 provide entry
vessel section 70 for inspecting and observing phase

andfal eiik pointd dbmvootingfcolls f dexchaagee 4de heking Hor Senlingqsource 32
to chanmber 82. Chanber 82 is optionally viewed through

extrAgow Bgssen 120 Nfesdthicuyh(s )t 54 ardisghledeusiog rigizpressure fitting(s),
camera (not shown), e.g., a Panasonic nodel GP-KR222

e.ﬁhyhéﬁo%@sﬁwaw Rq&ﬁndgé?ammr@ﬁtsdién@cpm., Whidbey Island, WA).

(P TR LB, PR HE Badch 458 e
Atgg@fﬁj’i’%n”on g‘_érs]sel 8124'5’3 poﬁﬁﬁgﬁjr?gjaw tch folu?‘gports8 available
copmob Sl RSB AP0 B! 30 g Wi s shown.
arggﬁézgcjt/\ggn Ingm.;gg{gtj ﬂgg’iti%oe\é\ﬁéécgﬁa&helggétgxggag(%grurélléleri ﬂwe 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 and/or

positioned for intended manufacturing, deposition, and/or operational processes or
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wi t hout exchanger 44 in hot-wall deposition node.

[0037] FIGs. 4b-4d present dinensions for deposition
wWoewsahs48@ (descri bed previously wth referenceCT/OSHhEDN12151

4a), including top vessel section 70, bottom vessel

section 72, and center vessel section 74,

respectively. In FlLG__4b i N Ves o

psgeteon Al GofgUthtiphi sy 1 SEtal v tnd BBrLERrY in e art are
di aneter and 0.508 inches ( 1 .29 cm in thickness,

hesely incofRRratedri t ed thereto. Ports 86 include a bore
86ahavi ng a di nensi on of about 0.067 inches (0.17 cm

[0040] for FI@.deduresentsfa hpdzontsltrosstsectioraldswperior) view of bottom
prem xed fluids, etc.) to vessel 12. [0038] FIG 4c

vdsksl scefibsers itiradingeosinpbachts haduned vibesetb eedocated thereon,
72 for feedthrough 46 that links electrical wiring of

inélkgirn%ﬁéﬁ% SgEs 30d :Q%s&esb iB9s8s 3Ry SBgares.(Fekdthrough(s) 54

couples W thin chanmber 82 of "vessel 12 to
orREERT b Sph SR5tin g ok Coathd Bublot ettt 4 rguan botom

and/or exit_points for cooling cojls, of exchanger, 44 .
vassgk sagfian 72dmkingyta; 6p¢!ng §9ur§§t§ gxferpal @gg%ﬁ% {2, as described
Feedt hrough(s) 54 are seal ed using hi gh-pressure .
prevmstyg(dgeedé.r@.ugh(ﬂmﬁ fevider entpEmQints) 1o elertiiggl wiring 48 and
(UpChurch Scientific Inc., \Widbey Island, WA . At
therastolple lshdyibaYRMGS 23 déScrilked) hensinhbmad) feoryl @gsent source 30 to
ceram c posts 88 avail able comercially from

stﬁm 8hd $drh téhﬁ%ré‘tﬁ@@'dﬁﬁ)layﬁﬁbvicbé\émﬂ) themisioonfesa50 in vessel

own, are used r mounting heating stage 38. Posts

8 . er r '
EERPh S GAURIEE & ABCTRRT dnd SPEALE Sent t vesse 1

and abouéwm% borosilicate glass, anchored to bottom
t

URRIL@E$CBRYt i on 72 and to stage 38 with tantal um screws
89 and nol ybdenum nuts (not shown) avail abl e
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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coomercially, e.g., in an M2 heater kit (GE Advanced
Ceram cs, Strongsville, OH. [0039] FIG 4d

WO Roodao4eé es a vertical cross-sectional view oPCT/ER1006/012151
vessel section 74 and chanmber 82 |isting di nensions
that include a vertical hei ght of about 2.198 inches

AR B, I TR0 20 TR B o r
AL R g m, crerter 2

and/ or positioned for intended nmanufacturing,

deposition, and/or o er ilonak cesses orpurposes.
Al l configurations a@" f %?( sgyzlct ed by the person [3]
of skill in the art are hereby i ncor porated. [0040]
whéie v '
A5, 0P, PESHERF AT RSB, I B it o) o

unted ther to,,
bl Sl AR CCPREPHES oSS g0t irg . Hos 85 s, po. 633).
curin 38 Feedt hr ough(s) prOV|de entry and
C%r Ekﬂ%ﬁses?%ﬂ ) &N exeraplans S@fvemealvekdﬂﬁa%ww gijtical conditions
t hrough bottom vessel section 72 linking to cooling
(i.80UEa3 BC Rt ErfAf ate, CREG dantbooks 7t edr,i 1890, pg. 6-49, the critical

previ ously. Feedthrough(s) 46 provide entry points for

demisitgt (p. )k dlinyg Bppmd@atnd 0L4R Igwe 9 uride (dve adisfat8 tehkion exerted on
2) described herei nabove) fromcurrent source 30 to

peﬁie@ﬂqeﬁﬁjréé“iabbﬁ?mtfﬂ?ﬁéﬁbw St gbsq aEn)IEK(e/éf 5 %glﬁeé g%az” Elsevier

t her rmcoup es in vessel respect

e R BT T S R

ct. th t t t are fluids
be‘if)err]J di ﬁusﬂ)r? nco%pared to gal?é?c?uns fllIJIr(]i\ée[geleog g., Cher#lé:al Synthesis Using

Supercritical Fluids, Philip G. Jessop, Waltner Leitner (eds.), Wiley — VCH, pg. 38].
In 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 (COy2 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 (pr) where the corresponding reduced temperatures (T;) is
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sel ected fromthe group of conpressible or Iiquefied
(densified) fluids or gases, near-critical fluids, and
waeweneysé i cal fluids including, but not |im tedI/U82006/012151
car bon di oxi de, ethane, ethylene, propane, butane,
sulfurhﬁrafluoride, amoni a, and derivatives thereof,
e.qg., chlorotrifl uoroethgne, having a f.lui ensi t ,
speifcabgve breen of kil ol &yt pilbySeamiehdnab S Selpctions for
(i.e., p>pc) . The critijcal densit){ épc)__for t he
pressare Bndi tempsraiere @se popsibipiain eanerl: dersified fluids at supercritical
(MW)] [3] Vc where Vc is the critical volune
fluioSEm) doratiforid Méed niyhexceridetbelraritiael panantefersl Yhas, for a CO2-
the constituent fluid ("Properties of Gases and

ba%%%%';/%'m Ashe a MiFpamittiid bf atiilyt 3998), a Grsdsore rothedBCF system

L) I's ‘an e?(teyrpl ary solvent given its useful
riti = —
ol e LD b §o003, il et oL o vsoms
ensity (p bei ng, a oxi mately. 0. 47 .
org otk e BRE SRR T AR b gt e
dynes/cmat 20 0C, Encycl opedi e Des G%z | seyi er - .
forseolehiity; ineeaming insamn gensity7ecreases3uay prlpledin pagpnsified fid
further exhibits a 100-fold better diffusion conpared
byt effactirepehahges de preesyreeand/or Gampecalurayint thes systesi. ngsimilar or

Supercritical Fluids, Philip G Jessop, Wltner

gré8ick Nefedts dsan beldteihed WEHSCPUfluid8] where rghérc deasities may be
tenperatures for densified CO2 are selected in the

e%}g?cﬂ%%l 449 [F?Jr?t?fglr‘l;%f' opljr':ééleg'g drfdi/Geipeta@rC Wi th a

ressure up 10,000 psi. Mre particularly,
tenperatures of densified CO2 are selected up to about
60 OC with a pressure in the range from about 850 psi

up to about 3000 psi. Mst_particul arl
o p Pr%cursors y, tenperatures

[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 (1) and copper (II)

organometallic compounds of the general form CulL or Cul where L is a ligand(s)
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densified CO2 are selected at or near roomtenperature
fromabout 20 0OC to about 25 0C (CQ2 is liquid at
w0 besaoiseqper atures for cold-wall vessel operaPCDO$2006/012151
with a pressure of about 1100 psi and a density
exceeding the critical density of pure CO2 (i.e., Pc >
47 cc). Suitable temperature and pressure_regi nes
s TRE aipba Plelos N5 ey oReSyiRsBlanats e cinshita hydrates,
plots of reduced pressure (Pr) as a function of
cydertadicnersi©9d) prandaniing! t timetbyisispendiivisna)edeaed copper (1)
tenperatures (Tr) isspecified. The person of skill in
(hexafluproagehyiacatonaip)-2emetini-1rexrense-gnei[Guthfho)-2-methyl-1-hexene-
pressure and tenperature are possible. In general,
3gees] f Oeghfacypldsutpie,s L(R@('IFIﬁé)ldfl@l_@b-leéllt)gnfaﬁ@ﬁ)onate-(cg;cslooctadiene)

condi tions need only exceed their critical paranet

cdfipex for a (EXs based pgyst em a%%?%_ﬁ_tlgzpﬁg:guéﬁpoér )

about 32 OC, a pressure for the syst

R T R
.Iﬁﬁ@%"éﬁ(ture IS g‘&i nt ai ned above that needed for

| ut
CaBPet UrEaprHanAdiRpatRanGiTethylekre) aampiss [Cu(hfac)(vims)]

ex§l oited in a densified fluid by effecting changes to
[Ch2 N rs 98683} Srappeat(li} preicuradre imssderbutSirei darintted to, Cu(ll)

greater effects can be attained in SCF fluids where

betagtieetodatesi, Cugk) bieyz,z,@,@,8;8-nép@¢1u@ﬁa-@,zf-aim‘éth?nslstoctanedionate),
pressure and/or tenperature. Precursors [0042] Any

Sncurser FBINE SEAIRRERAEH OI8O Dacotyacstnat,

CBfexatbofBop Mot IRBBEY (T RIIBEINGY ch complex  fe.
CUBGERE I L3 SR ihedBedle (5% S4r8ide-n0r cu ()
he%¥lu8$oa%2?ﬁ§gétoﬁét% ’ [i%s.’, Cu(hfac);] and its hydrates, e.g., Cu(ll)
hexafluoroacetylacetonate hydrate [Cu(hfac),-2H,0] [CAS No. 155640-85-0, Sigma-
Aldrich, Milwaukee, WI 53233], and Cu (If) diisobutyrylmethanate [Cu(dibm)s].
Another copper precursor, sold commercially under the trade name CupraSelect
Blend® (Schumacher, Carlsbad, CA) comprising Cu(l) (hexafluoroacetylacetonate)
(trimethylvinylsilane) [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)2'2H20 + 2(tmvs)] which is soluble in
the solvent 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 [Rus(CO)12] [CAS No.
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reported by Watkins et al. (US 6,689, 700) and Kondoh
et al. [Jpn. J. Appl. Phys. (43) No. 6B, 2004],

wo pwonpas@t ed herein in their entirety. No |i mPCHUSIING012151
are hereby intended. Precursors include, but are not
limted to, netal chelates, netal carbonyls,

LR Jfagﬁ%w” FEha e &%gé%ﬁ%%i%ﬁwwfhemum [RuCpa)

reagents. n]JI es i ncl ude copper % and%tﬁ e él_l) _ _

[CH8g @or‘r@%ﬂi’ré c $HpoLABROYHON RECGERRISaPUFARS, N “conjunction
CuL2 where L is a ligand(s)selected from al kynes

withl #fd inventiex ardlude czagenis koeworiatthe dheaubalavapartdeposition (CVD),
hydr at es, cycl ooct adi enes (cod), and vinyl

atbridTeiyar! aépesitsn (ALDY) at@mig. layeemystaxy) High-Density Plasma CVD
(hexafl uor oacet yl acet onat e) - 2- net hyl - 1- hexene- 3-yne

(Hg?(‘hﬁf?ftz);:)ﬂgptrﬁ%br SrdsiE€eVD3MORVD) disciplines, including, but not

infée o, B4 5 8- A HRETC GBS <°v§f5mﬁ* ) EARRY. 3275-24-9,
s{t&%?” uor o%%?caé‘ﬁﬁ ng’)aa %?%8&@0” l SItlrl A recursor; tetrakis

hexafl uor opent anedi onat e) (vi nyl tr| nmet hyl si | ane)
(dumﬁwamlp@h(tamt@b;mv&\ﬁsﬁTa(NMes)aib trepe 5Glaem3- Q- Mﬁwpwyport MA
(I'l) precursors include, but are not limted to,
01©5©L4098:]etahdllikist o(diﬁtle;darrﬁﬁc()(éthylimido) tantalum(V) [Ta(NEt)(NEty)3),
bis(2,2,6,6, 8, 8 heptafl uoro-2, 2-di net hyl - 3-5-oct anedi o

Sl?ﬁ{aeAldr@Hﬁ MlMéﬁJk%e WI 53233] tantalum precursors and bis (tertbutylimido)
etramet h hept anedi onat o,

oG B T P05 Ay,
Sk g AP S PRSI0, Mo e enes.

i.e., Cu(hfac)2] and its hydrates, @é

[0943hf | uor @t iglsweneremp wm%e[lweneﬁab‘)%i @Pm accordance
[ CAS No. 155640-85-0, Sigma- Aldrich, MIwaukee,

wili3 #88presantin@en{ion.) Adisimwumqublerét release [ Cu(di bn) 2]

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

Deposition Precursor Release
Material Temperature**
(°C)
Ru Ru3z(CO)q2 140-150
Cu Cu(hfac), 220

#*  MSDS, Strem Chemicals, Inc.,, Newburyport, MA. 01950-4098

temperatures for ruthenium and copper from the respective precursors,

trirutheniumdodecacarbonyl  [Ruz(CO)2] [CAS No. 15243-33-1] and Cu(ll)
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Anot her copper precursor, sold comrercially under the
trade nanme CupraSel ect Blend(r) (Schumacher, Carl sbad,
w@2)osaesps i sing Cu(l) (hexafl uoroacetyl acet onap€})/us2006/012151
(trimethylvinylsilane) [i.e., Cu(hfac)(tnvs)] [ CAS No.
139566-53-3], disproportionates to release (i) Cu0

directly to surfaces_at a ecifie | ease .
hexafiisspatalylaceln@ie i BCl&bﬁaﬁsz@j , g‘g‘{%( ﬁso; (hfl4€§1-45-4],  differ
2-2H20 + 2(tnwvs)] which is soluble in the sol vent
substdtiallyand As sllustralbédy froecursersat ey & eseleeiggerkaving release
and/ or reaction conditions. Organonetal lic conpounds

terhpétaidies thabperriesalectios iepysitionroemet wldedigngteofateayperatures or
including, e.g., trirutheniundodecacarbonyl [Ru3(CO)i

o0, Dot inticl A0 nerpaghg rbcssnsa s
o ¢, Lerfitailo . MRln, I6RASAERO" S SRS 8k 4RRES, fiffended.  For

! ) A 1o e invention 1 nclude reagents

o oW . .

exﬁg!opéﬁ;, Qﬁf}g{y@e@h‘f@ﬁ{é‘@ %Evﬁﬁgfﬁﬁ?i%%ﬁté:eg%{%%n % UHef the release
Hi gh- Densi E% Pl asnma CVD iHDP- CvD), and/or netal . .

tempgeatis(EVIIO( NSOl BEgNalnedNCludiBguditig Nobuimited to, catalytic
limted to, titaniumtetra-di nethylamde (Ti (NC2He) 4

protesEBNAPre$<AS, NhendeiSregenis, Sethundbbes atthereicorsass that release
Carl sbad, CA 92009], a titaniumnitride precursor;

A D ki s sl 1 v

b RO LR oL B BT AEHFof e prosent

. precursors; and bis (tertbutylim do)

'nmrﬁmi- met hyl am do) tungsten (M) [(t-BuN) 2(M2N) 2W
Sigma- Al drich, MI|waukee, W 53233] [ CAS No.
406462-43-9], tungsten precursor. No limtations are
i ntended. [0043] Table 1 lists two exenplary nateri al
precursors tested i n accor Reagents

[0044] Chemical additives and reagents effecting deposition to a surface or
substrate are suitable 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. In particular,
reagents miscible in the solvent fluid at liquid, near-critical, or supercritical
conditions for the solvent may be selected, including, e.g., hydrogen (H), 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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with the present invention. As shown in Table 1,
rel ease TABLE 1. Rel ease tenperatures (based on

w0 b@sred4eeleconposi tion) for various material PCT/US2006/012151
precursors. ** MSDS, Strem Chemicals, Inc., _
Newbur yport, MA. 01950-4098 tenperatures for ruthenium

COo fr the respegtive precursors,
IR RE T BB R SRR ?nggB@aréﬁcla tipaeralres for the carbon
5243- 33-1] and | 1) hexaf | uor oacetyl ac qgtonatq
d'[%éfﬂ%ﬁ%’?ﬁl H26) &k@-?\l&emm& b, indiodueed as solids, liquids, or
substantially. As illustrated, precursors may be
geeedlireatindeithg depesiten chapweatar eyt bat preetiréd in a solvent and
sel ective deposition over a wi de range of tenperatures

deliveredpés ather edegoattiopntcrepisirt iAnsigelp! heahbstid®, or supercritical
manuf acturing processes of interest, e.g.,

tePOBraates FbPthe idvdRbr iA?t%fr%é%R/el ehgghﬁg)fr:n‘gégf b3l Gelivered to the

hereby i ntended. For exanple, vario

] to alter the release, I
B & 1ol SMpE RS R BphEhealtifotng drregiauid, near-
i m tal yti ocesses, pressure,
oot bl Bl 555 BB stins v sty
. rel ease deposition material (s) in response to
infengdssk at ur es, chenical and physical processes, and/ or
sel ected reaction conditions are within the scope of

[Q045] pr es enihe ipevsant obskill Retigeatt swill @0-44dr rdleghizal that the invention is
additives and reagents effecting deposition to a

natuirhite® by typ STt fedbfoIc? stdueRbs &ff RECHSR Rgf%ralgg g9 between

conjunction with the invention. Reagents I

pf%gﬁ[ér&ggg,lt Ifévggfeglg(g 9%%#/8§§tgmﬁgi’ti8ﬂerWa?e?lal(%?.eﬂte%Cﬁons 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 substrate 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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reduci ng agents, oxidizing agents, catalytic agents,
and co-solvents. In particular, reagents mscible in
wo b@edaiseent fluid at |iquid, near-critical, OPCT/US2006/012151
supercritical conditions for the solvent may be
sel ected, including, e.g., hydrogen (H2) , ketones

e.g., acetone and al cohol s net.hangl . d .
(0846501 Teoryeimalyih and arsenaptiices SR UK Wirpsliph, gnamber wil
as a reduci ng agent and/or oxygen scaven
depsnd im et omitir: Beivent and seaaeit ghoigassemn Y@éu% 'bgif understood
not limted to, carbondi oxide, at the |iquid,
byrtherpetsar bt ekill imthesaeincparticalar, stagp éeraparadgrefsonay the selected in
carbon di oxi de solvent, e.g., 3 1 0C. Reagents may be

thé %ﬁ%@%&ﬁ dbous0gsC id @BbdﬁﬂSO@ °ogapas odolingtdnd/ooheating) with
eposi ti on chanber or be prem xed in a sol vent

pr%%%qp'ggllhvtﬁé c?ep} %l’t%%é?&?%?ﬁ@ﬂ@ FORABSE Ut gsr %“eﬂbout 20,000 psi.

ritl O Supercri nper at ur for th
sol vent

rnati ent [ e o
MiRePeREHEY. HpuRr ebRBL A B t’eg”ﬁy@%b@ﬁ%efﬁ S50 25 °C
heated to the desired |iquid, nearcrltl C
aboup G0Or T€ iveith presaveesinithe range froms ghoy 399 psi to about 5000 psi.
limtations are hereby intended. [0045] The person of
Meti particulatlijeteanperatures fnay berselaaiedin ike range frag about 100 °C to
invention is not limted by type of reaction or

abTRA YONCEC QfitH pRtislipss iy Fdrigegirom gbouth200@@si to about 3000 psi.
precursor(s) reagent (s), and/or deposition

N(?ﬁﬁ'n%'tlg ?}e, d ons include, but are not limted

1'6n, “oxidation, disproportionation,

e 5 SRR D B TR 17 e

h f.
9(}@6 rgfio\gas)Fggyégs(a (8. ge:%%%ggcla%@s, talﬁgﬁm I'ayers imbedded layers),

di ssoci ation, or displacenent, froma precursor to the
swfdocesn®4f (eugd exigrmad @jrfaggsecﬂat surfaces, horizontal surfaces vertical

surfaces, etc.), sub-surfaces 96a, 96b, and 96c¢ (e.g., feature surfaces), and/or other
complex substrate structures (e.g., voids, tunnels, interconnected tunnels, 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.g., 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

29



in a deposition vessel or reaction chanber permtting
subsequent reaction with, e.g., a reducing reagent,
war@eubishérat e deposition to a substrate or surPErES2006/012151
anot her exanpl e, introduction of a gas, solid, or
liquid reagent to the deposition vessel or reaction
h 1 I Qi L | r.so
o SeBie 15 ubh o5, Pl he, SR Ip SR 6h B SR e 8. Thus, no
. released fromthe precursor and a reagent. Al
'"Wgﬂﬁﬁhﬁénﬁﬁdﬁpil be sel ected by the person of skill in
the art are within the scope and spirit of the present
i nvention.[0046] Tenperature and pressure choices for
t he deposition chanmber will depend in part on the
sol vent and r@enerdl Rriogcedase émpSeleetivasDeposition
under st ood by the person of skill in the art. In
particul ar, stage tenperatures nay be selected in the
range from about -100 OC to about 1500 OC (via cooling

RIS MRl BAERUBRENS RELEBEE e syoom 10 fr

re particularl t enper at ur e be selected in the .
SIGHGER dsrossB: ast BT dotiolal aR e b prswblhebblotor chip
in the range from about 500 psi to about 5000 psi.. o
Smfatﬁa‘ﬁ i'%lﬁn%lﬂfl'@g t@eh%%tfrla& g?agg ﬁﬁy pubsisatecdRdsiin RrRgimity to a
range from about 100 OC to about 200 OC with pressures
knawn heasamjea forecarabo 8 200Qripisiy aodehasiiiors Goatepsl. . \essel 12 is
l[imtations are intended. [0047] FIG 5 illustrates a
séaled Calesearpas i drel ﬂﬂélﬁ,td.?.t, avith? aCcumpriessibie temert f6idY@.g., carbon
(e.g., vias), layers 92 (e.g., exposed |ayers,
+ hia- fiisl [ . i . ’
dibXidB: fihlgme (ﬂﬁl@égﬁﬂ%%%ggﬂlﬁg‘ifgﬁbﬂaﬁg}lé&é‘&?%s% é@g%g’scavenger

external surfa at s aces, horizontal sur

oragkbyEy. SUPET TR Bhr e SOl BRS, iifents and Ractants 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 and/or 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

30



conpl ex substrate structures (e.g., voids, tunnels,
i nterconnected tunnels, and the like). Such features,
wo agoenejd6@nd surfaces are representative of typesUsi006/012151
structures found in manufactured or conposite
substrates, e.g., silicon wafers in sem conductor chip

C@@d@%‘f‘t %66%%@8% aﬁt g?mgpgt[gfr'{ ﬁ\éhf glggsoia'h%at exghanger 44. In

|1
angharcePRaTAN: NG SeRIRCR BRbRUR et ﬂ%g@?g%n mode, e.g.

i ncl udi ng horizontal, vertical, and flat surfaces
withesit fusguet heat lexahangers 8dr cSubsiratgr 42 dateXmpsedbiet ﬁgly@nt fluid 59
42 is colocated with substrate 42 but is not limted

conbeniayanyF@agentsp|a, reageni filids)saliopid, aredriticeker supercritical or
different kind positioned at various orientations

co"n%h@hé‘f@r e &lbéﬁtrtﬁbﬁéb‘iﬂﬂ)&wg?bréo@%& E®and sAyasdddd leagent(s). A
be sel ected by the person of skill in the art. Thus,

te@get%mé QH@%&? e'ﬁte?%g%é] h?ﬁ%?lr ng Mcﬁgélfo‘ﬁg‘;ér’ﬂeposmon surface
oSSR ISP gt R AR T st 3
sem conductor chip. Substrate 42 is nount ed t eatin

in $he geeeceuRhseace of active femperaking Gantioh pép\ﬂﬁi%ﬁ sxelanger 44.
of a precursor 58 conprising a deposition nmaterial.

Dafessition hiatesalsedeastd froos the prastiyseingd fis |sela¢tlvelygdeposﬁed at, in,
with a conpressible solvent fluid, e.g., carbon

omll @KI@I@ngImeortmpb@nfdngtyuﬂtacen(orapbeta:gﬁrtheraafppm cewlonge to the
as an oxygen scavenger or reducing agent. In the

tebﬂﬂré\ﬂ p?%ﬁléﬁy 8hé2fed SF HeBﬁSof"Bﬂ) é;eﬁ‘fét @@[Séslﬁé@surfzce e.g., to

[ nt deposi ti'on’ vessel from sources
s B 1o B BRIl ka0 shbAET A8 B Wi recace
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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mul titude of delivery nmeans including, e.g.,
hi gh- pressure transfer manifolds or tanks. The sol vent

wo bavedo®86 i ncl udi ng any reagents and/ or precurBCT/ESI08§012151
be optionally mxed in a premxing cell 36 optionally
lined wwth a high-strength polymer |iner, e.g.,

oly-ether-ether ketone sold under t ,gd :
[O‘E‘@K(r) ﬁﬁch @k‘s{(%%sl ﬂc(.’?m@%gen\‘?PP%@SEC?QOGQQHBOU‘)OM tested in
poly-tetra-fluoro-ethyl ene sold under th r adenane
comentten ryitly e opresent |IWQ1§&06n,l-%E)SeB}'<F<HWE%CEPr chip. Substrate 42
i ntroduction to vessel 12. In vessel 12, flow of
compoises gvanisiusr strincturesh aodi swfageshsludinghBrugaet Jimitegl to, vias 90
initiated at a rate necessary to naintain a desired

(pétﬁifﬁefe@t%@),oéxtéfndlOblﬁﬂace@i 940(vih) carfanes rB6z;i 96, apd 96¢, and
of precursor 58, and tenperature of substrate 42. In

Ia)%ﬂ@ -%h,m?r'i‘%udiﬁﬁsﬁ%z&r?tai SiPeeil duraeld-inRidaces, exposed
eposi e i

0 ion’ nmo conjunction with use of heat

. exchanger 44 |1 n _anot i e 12,0

lmﬁsési%g o guriAcas ot S pefRER o hinst Ey FRipr, sypstrate 42
use of heat exchanger 44. Substrate 42 is ex ed t. .

coRIiseta 135 SYCE 0 i HDLNPS SRpBRT (86T 8P2y Bafivgn carbide
fluids) at liquid, near-critical or supercritical or . .

(SiDndhveroh@s fag arheteostapnbartier; ebydigieginiey laeschPe opormprising an
and any added reagent(s). A tenperature gradient is

orgenssianediads (0SG) onotieriowdidiekctrid (ikiDJamateyid,i ancba cap coating
surface by heating substrate 42 in conjunction with

Ia)t@afdﬂqé’olﬁﬁﬁéiﬁg sféohidibR8828i0.9 of baes M) filmmikerial as an insulating

presence or absence of active tenperature control
ot SEAPIRTIE G CogERA) LA b BOF Rfrqurtr
ceBh BB Pr R TR BB R L83 o substrate 42
th%i&%f .2;;9 468 i(aj@gé ,a%%ag'ﬁgérs? 682@%@?%@%@@%&5&39%{«?@964 (SiC etch

substrate 42 exceeding the rel ease
stop layer) opening into layer 102 (imbedded copper layer). A temperature gradient
establisned between, e.g., heating source 40 and surface 94, generates
temperatures suitable for selective deposition in, e.g., the vias 90, e.g., 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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tenperature for the precursor 58. In the instant
configuration, tenperatures are neasured using

wo b@sreszeapl es 50 or ot her tenperature neasuri PQI/US2006/012151
devi ces or neans positioned near, or in, any of
heating stage 38, heating source 40, substrate 42,

and/ or solyent flui.d 59 ectively t

prépe: TG bl o8 RSP ERES by BB 4 A6 femperatures
B uni t d| stance (or thickness) to about 25@93 t|o r .

supgiantiglly dewek thasy ﬂt%r@ﬂﬁ%%i?mﬁem%ieepm@@ﬁ ective deposition at
deposition. Mire particularly, tenperature gradients

thé rdesiredr sudecd(s b m THiso perswo cdGklein the tartmeﬂ? durthen eecognize that
about 150 OC per unit distance pronote selective

" depeBht itRitkndbSt ispadhiroliedr by, factoreriatudingr ddit ends limited  to,
in the range from about 400 OC per unit distance to

copBaHiratiat n(%céhoe?f ehderfls S??g‘&ﬁ'stso NBcS), SEdiSssitiorr ratesj precursor

depositio imtation re hereby I nt ended. [ 0049

iyl SE0GIR TR Untti on wi th the present
(003Hhr 1 sednva astbSIMeRR el e manuth PR fGrg6. source 40

but not limted to, vias 90 (pattern features),

heats sthalrateud2,;ganerating averpesaiure geadioshbetvsen sgice 40 at a first
96c, and layers 100-108, including horizontal and

tenﬁfetéameé (8ly.f 200s°C)i ahérduafaes, 94xpasiainedbatddesecond temperature
surfaces, and/or sub-surfaces thereof. The instant

b 4R GREMEIPBRatare bt tdBebipd@debBSitiod surface(s) 96a, 96b,
(equngggd ) %%pper Igyer r02 a Sle |coneci:3arlblf)d SLI( )( )

Af’gégé b8 AB BlEseSIL %rcﬁhg:{osn%n? %?éth?e 'féW e precursor

offpri'sing-an orga Tl ane

(eichy dPOT5D %QQF%W@E  Biele s?%gyﬂvcﬁ?y & ﬁ)eaﬂem vias 90

thin filmmterial as an insul at| ng over|l ayer.

alengipbe Iemparatyienaradiegt. of In am@rmmeo@&ﬁallqu@) Example 1 and
configuration

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 temperature 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 96¢ in response to the temperature
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descri bi ng wafer processing that introduced pattern
feature vias 90 into substrate 42 through | ayer 108

w@ 3eads4ed | ayer 106 (LKD) further breachi ng Peyyes2000d12151
(SiC etch stop layer) opening into layer 102 (i nbedded
copper layer). A tenperature gradient established

between, e.g., heating source 40 d, surface 94

arafines dnan peapels e bR e 2 el chpde Metal released from
deposition in, e.g., the vias 90, e g., alaong surfaces

a @eayrse6 b8 iadeposited selecinaly i Yins 0JHNG thengasfBn at
| east one tenperature in the tenperature gradient

[0883keds tihanotiezasebodimeet af theeinvontiomdlustratad indrlG @, source 40
Solvent fluid 59 is typically maintained at a

hebRREILAtHEE 4DVWendrBfy t fetehgraratuat ugaadénts ye.gace198 °C/mm of
thereby nmi ntaining the necessary tenperature at, in,

f ST I io

sufBiralel tRBen Yoyl 29 BB RIARE 3p 9, 250 PEF and surface 94
afe rature at eposi tion, surf COAS

mYBlnGEiA anaodsed HhPgPRLEdr dRan Clhe AS EEERRure along
tenperature for theprecursor 58 while i ntai,nin

sugeRes) 96a; 96bs and/ay 96csexaesds tha relgpse g%@@@fﬁtuvee%r the precursor,
substantially | ower than the rel ease tenperature

depositiohds imtatedtandprepaisitin pattern vias Heelongsurfaces 96a, 96b, and
surface(s). The person of skill in the art wl]l

96icubE hRticrRs Besteat in rabpetao$o tthertehiperiines gradient.  For example,
controlled by factors including, but not limted to,

de?@@ﬁi%ﬂt fsahbpgeﬁgréllg’r 08§er(/§§9<§|§‘tsilrfa_€é§°%l§@n‘éi' 96& Cmpintained at a

position rates, ecur sor ffusion, and deposition

tine.. [005 I an odi i fve )
tempﬁﬂ%tPLea?%‘%l)Wn tlﬁ?de?%%)sesggﬁ@tgr%r%r;@{ sﬁ.';éug@targsgr’4f{g" 100 °C.
generating a tenperatur radi ent between source 40 a
D5ATIEt 1 B paPRSUEY oty BRI o7 3266, 12bo. 1 en
mai ntai ned at a second tenperature .
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 temperature
(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

34



(e.g., 120 0C). As the tenperature at the desired
deposition surface(s) 96a, 96b, and 96c exceeds the

WO edoeasHeq e. g., deconposition) tenperature forPCTes2006/012151
precursor (e.g., 150 0C), deposition is initiated and
pronoted selectively in pattern vias 90 al ong the

. 1 t o, I et n_.an ex I detailed in

rhERRTPE 4 R 1, rurb B MEPTelBSe i eiscvenen 58 is shown
rel eased froma precursor 58 is deposited selectively

iq ﬁeB%St”t S RGN tS@Xﬁmai figfagre94ians sofaqesc®By, 96b, and 96¢ along
anot her enbodi ment of the invention illustrated in

the temperaisse gerdiaot inghe pastebs faadure vas 90¢herehlyi cugtiag the vias 90.
tenperature gradi ent between source 40 at a first

[@G56]er at uThe (irventior2 46l G dadiustief deenGHstEAEMA P&drence to the
at a second tenperature (e.g., 150 0C). As the

follevmey etathpleat the desired deposition surface(s) 96a,
96b, and 96c of pattern vias 90 exceeds the rel ease

(e.g., deconposition) te or the chosen
precursor (e.g., 220 0C %n is initiated and
pronoted in pattern vias 90 al ong surfaces 96a, 96b,
and 96¢c in response to the tenperaturegradient. In an
exanpl e (detailed in Exanple 2 below), copper netal

[¥096dased Themfaligyisguremmplesi Argepbtsinded sl eptdmeatey a  further
invias 90 filling the vias 90. [0053] In another

urdiystéinding off coneitions eand capplichtists adsdvéln & Gvidence supporting
source 40 heats substrate 42 generating a tenperature

saeetilicaddpdsitidh of mbbstilé Mhed &R
40 at a%i rlst Gt)errrrlperé\ture (e?rggﬁ%wghgpé?qg%d SBP?@.@E&@ Example
i

5
1 e St e BSCRMBPFALLE sotho B 8o i pater
RS et ESCHBIUELR M sohettls BRRLVES! s e vios
E>?aom8l eof %e?auilrsfgocn%si’tiogn%a\’/vhg?ebb’y gc?pdper 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, selectively coating vias in response to a temperature gradient thérein.
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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96c or portions thereof in response to the tenperature
gradi ent. For exanple, deposition is not generally
woeb®envaeds on surfaces 96b and 96¢ mmi nt ai ned aPCHUS2006/012151
tenperature bel ow the rel ease tenperature for the
precursor, e.g., 100 OC. Deposition is thus controlled
selectively filling porti tern vias 90. In an
exanple (detailed in Exanﬁ#%Agﬁgﬁg FIG 10), ruthenium
netal released froma precursor 58 is deposited
selectively in the pattern feature vias 90 partially
filling and/ or coating selected portions of the vias
[GAPT][ 0054 Ruitieniwvt ised wobisingesiectobde meateriakirt iGbit-scale dynamic
illustrated in FIG 11, source 40 heats substrate 42
regeioen adcegs ameampizsa{DRAME)agivent itd 8ow- resistfly CeBaidnt chemical
substrate) between source 40 and/or |ayer 100 (first

stapltied bAA)godld d’ryfét&ﬁmgtpﬁ'tﬁpgﬁ Urg 4 eQampr8r e

surface 94 (second | 0ca mai ntained at a se
in: @% 3 Zpﬂ{ezlis&g trﬁgta} ﬁ%ges?e%ctg%fy g%[ggss't@rgak evg%%I 9@ 4pattern features) of
o BRSBTS e on & sotvn fui

gepositi_on at surface 94 and al ong surfaces 96a, 96b,
S keyising dgnsified carbep dioxiflac e- Wdhenidepositali precooste, Rus(CO)1,,
In an exanple (detailedin Exanple 4 and FIG 12),
stabiehatrliquid, meraaicritieblearssubdreriticat temperatarss foB the sehennfluid, and a
to deposit selectively to external surface 94 and
steichfomeBicO6aes866f aaRAgBAE glsORIg t t[ﬁﬂp e i idati
gradient in the patterr? feag?luré@%i’ 222’ 0 tﬁereéjbyl/ﬁdeswed oxidation
re@eAdhIgnt ' ] LRYE NS, | RDeW
nt fife \fi'e?%sﬁ@g %g&r%z'f eET meﬂ}’ag Hg@éb;@ﬁ 8%@% Based from

further denonstrate rence
pr%é@fgg[re% mbg\% the decomposition temperature for precursor 58 was

ir
lgl(\)/%gﬁlon illustrated

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)yz, (Sigma-Aldrich,
Milwaukee, WI), was weighed into a glass vessel 56 and placed 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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[0056] The follow ng exanples are intended to pronote

a further understanding of conditions and applications
w@3g00abis6@s evi dence supporting sel ective depoRCT/US2006612151

materials in accordance with the present invention.

Exanpl e 1 details conditions whereby rutheni um netal

hvlsfrgi?n' ir?atw'aéﬁbéed TR BRI B 86 B BB ‘HY%%S*?%J 1100 psi

wﬁygarbpg g@wgi@'tz 832?1"5;3}3%8&;3' SI)HS g&rgg?]?%gc? h5% solvent fluid 59.

sem conduct or chip substrate selectively filling the
Clamaber BRampiseequippediwith semaial i iotigentiearamcouptase A0 upasitioned for
netal is selectively deposited along a tenperature
measadtirenttemperdtare of Heatiegi standuds osulsstigtesadstndtsolvent fluid 59.
e.g., In bottomup deposition node, selectively

St%\%@t 38‘9vé§ ﬁéaterdi fecanehfRratre df elfﬂ@e”@téﬁoecarﬁs’?cﬂu% of the solvent
therein. Exanple 4 details conditions whereby

fltééj:%g %}énélwgd td ﬁ\térg{& %rj é(l%L}f 5?1%21;02 h]gﬁlgtegcfo %‘?lﬁ‘nlénce dissolution of

aces al ong sur VI as

sem conduc p subsirat

G PresOEsions 1AcpisosoaRt i 59 n Wisisgoiis ERamber 82 was observed
tenperature 2r adi ent . EXAMPLE 1 50057 Rut henium i s

thpough winedgve Bdc  rasaeeriaitreraf Stage 38 was sgl@%@@&m}lmaﬁﬁ@d to ~200 °C,
random access nenories (DRAMs) given its | ow

whiés itstnperdtyrese Xi¢ edfl enfaceh04i arad (B} abifluid Bw9aabogeciirthce 94 were
etching properties. In an exanple of the invention

mbldtéiﬁbﬁaéteﬁbb@t 6. ° B anbUABE W°@tr@b§)é@tﬁ/eﬁﬁ| GehtiNg!the desired

deposited in vias 90 (pattern features

teﬁﬁfﬂtrﬁﬁf?g E@rﬁﬁ@gg hh Hh% ﬁ@%fﬁaﬁ‘ﬁ?ﬁsﬁ' §0f B]L %gﬁ%tré(tba& 9QsulfiR§ in selective
d SN edgc{;@{t})ggqfd h%i({n'%gq%@ d/\rliH‘thélé 'eglmr?nfrtggialprgugstsrate 42 had a
ccgll%apgtrtfraletlrlu St:haeI rc—:‘taegré%ﬂlgltduorf%%ofu? %Otnql?]ufc’eosl \t/ﬁ’p ltS r%tulllml’ced th%reto

[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., dvia >> dsumace. Results further

showed deposition was non-conformal, i.e., asymmetrically deposited to the vias 90.
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stoi chionetric excess of a reagent gas, e.g., Hz,
preventing undesired oxidation reactions in the

walepoddibon vessel . El enental ruthenium (RuO) Pel/esmeo12151
from precursor 58 at or above the deconposition
tenperature for precursor 58 was deposited to

substrate 42 selectively fLl L] ttern vias 90.

Substrate 42 was sized by lg%‘%h’nﬂ'gé)gnd breaki ng al ong

the crystal planes, yielding a coupon of about 1 in.

to 1.75 in. on a side. Vias 90 had a horizontal |ength
~ 1 mmand a depth of -200 nm Post-processing

[@9@% nat i fnadtrthesexaroplecofsthe nwartiondiustedted inFIBYS, copper metal
Scanni ng El ectron M croscopy (SEM and Transm ssi on

wekesetieciivel depssiteyin( tieMias @Of@aﬂeﬁf féﬁi‘@l‘é%l) lof ANsemiconductor chip

mat eri al s was eval uated usi ng ray Photoe ectron
e ORI NS E@@ YE@ﬁ. IR %3'v§nt flid 59
t | ass vess an
of | AEHEEE ralben, HRRIEE T E0mE, Zudel H5RuER: BBncgt oFonper (1)
heat t age
h%éf%i@é’é%t”%%%wi&ét%’émﬁ?“r d&éﬁ%ﬁé’é?\ac&“@m&%w'aﬁ ce, W), and a
ressurized with 100 psi hydrogen from source 1+6
S%W?‘&l@ﬁtricnﬁé@eﬁﬁ)ﬁf Bgeagent gaa (Hs)al GoppesufGu'sf ide®ased from

psi with carbon dioxide (CO) fromsource 14 form ng

prelsersar g8 ts dheedepdditiord sﬁa‘acé@s?ﬂﬁfethefﬁaw efdi I@?ﬁé@ed by the H,
wi th several K-type thernocouples 50 positioned f

t e |
regaat;a%leg%\té\jgﬁ?m thé@négég 9018{%3559%% %@aﬁea@gﬁ%ﬁn acsfeabout 1in. to

e u of t he SO vent
I 8 SRR 0 Bl 3611 oo
ZVUﬂ)t to enhance di ssol ution of the precursor in
O‘fﬂﬁe srgr?]\'/ent fluid 59. Mxing in chanber 82 was

[O%%ﬁier ved 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 59. Chamber 82 was equipped with
several K-type thermocouples 50 positioned for measuring temperature of heating
stage 38, substrate 42, and fluid 59. Stage 38 was heated to a temperature of 60
°C and constituents of the reagent fluid 59 were allowed to intermix for about 15
minutes to enhance dissolution of the metal precursor 58 in the solvent fluid 59.

Mixing in chamber 82 was observed through window 84. Temperature of stage 38
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t hrough wi ndow 84. Tenperature of stage 38 was
subsequently raised to -200 0C, while tenperatures (i)
wotisnofsece 94 and (ii) of fluid 59 above surfBCEUS2006/012151
wer e mai ntai ned at about 120 0C and about 70 OC,
respectively, creating the desired tenperature

LG L BB " 0e R 8 g8 g ) i

vias 90 with rutheniumnetal. Substrat 2 ha )
abovatsirfacei B¢ ware meaip@achat f11a °Gfa%<§<ﬂ110%o1d1rﬁaﬁﬁt dgspectively,
but is not limted thereto. [0059] Results. FIG 7
createsethesdesireBBdmMparatye gpadiehbin the viel rattaroe 90 of sukstrate 42 for
of vias 90 of substrate 42. Thickness of ruthenium
sel'éﬂti@ély%mgf ah@ctanirallitg vosiser et eiepositidnt dNbeoolant flow through
substantially different fromthe thickness of

' t | : _ .
exggéwuwt ed BFatis g?s‘?.p ﬁﬁfsﬁéﬁéﬂi A%Ara Q%tabf‘tlme in gcw)e reagent

ckness enfumin vias 90 was -
n xt i ng through the vertical depth of the
ﬂuf‘ﬁ&ﬁ%%ﬁ%l'ﬂ%ﬁ?'rast, rut heni um | ocated on surface 94
ad a maxi nrum t hi ckness_ of_ -20 gg Sel ectiv

h S
[0863bs { | dReSHEs cVRBRMIRIN GXaMRIS f P erRseTiAlly identical to those

thickness, e.g., dvja " dSUrface. Results further _
obskowestifod depesition rofwathenium daedbimiakample 1, Results again evidenced

asynmetrically deposited to the vias 90. EXAMPLE 2

seldie8]filllny ef ther viae90exTnipkeesy of teppenvaetal deposited to vias 90 was
illustrated in FIG 8, copper netal was selectively

foGﬁcﬂ)%i&?@ubé‘tahhﬁlly’ affer8@t fBd URs hibkRddey 6\Sbo?|f)(la|i’imetal located on

sem conductor chi'p substrate 42 selectively i ng

su%%%g\éiﬂgﬁgrf ?@d I%_ g)%bl'@%lﬁéle %ﬁgg%é SEoBpeChttillinfthd o990 was ~200

i’oXI a copper netal precursor
58, .e.qg., .copper, (11) hexafl yoroacetyl acetpnate
ot siidlog SfTekBngihe. YRR SEP B aaRass o ) 1T BhGrgst, copper mea
stoi chionetric excess of a reagent %as (H2) .. Copepgr e
fog@az)the§uﬁ@p@59§egxhibi@¢d a thickness << 200 nm. “Selective deposition was
again evidenced, as in Example 1, by the difference in thickness, e.g., dva >>
dsurface. 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(CO)q2, and a stoichiometric excess of a
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precursor 58 to the deposition surface(s) of the vias
90 and reduced by the H2 reagent selectively filling
wo b@onoass 90. Substrate 42 had di nensi ons of abOUSA06/012151
in. to 1.75 in. on a side. Vias 90 had a hori zont al
| ength dinension of 1 mmand a depth of -200 nm

oA % e ey e e IS R B0 i, g miscellaneous
ot Sinces it 86 aaton AR AT Rocdesion Wete Mbxed in a solvent

secured to ceram c heating stage 38. Vessel 12 was _ _
flyd H%af daasifadifer Sotaprergiue dradieal west gengratgssin the vias 90 in
hydrogen from source 16 and to a total pressure of
cdrijoactimsi with tehhediihg soumceodl sech thathelemghtal mutienpont(R86) released
formng the final solvent fluid 59. Chanber 82 was

fremupieaeson 58 (6.9Y, ediitlvekiney Rffeddte tdmpeNaRlresfop@he precursor 58) was
positioned for nmeasuring tenperature of heating stage

séi@cti\,%i&b%b?%ige%fo ggﬁg%éé Widhirthe W90 gﬁ]ﬁ@tﬁ%@fﬁr@?gg% t\}\/as above

a tenpera and consti tuent

e Rt B0 Pt 681 Rrac gt 50 along the
the solvent fluid 59. Mxing in chanber 82 was )
tepasaleg Grafishh IMRsYSe sauPgRsder Weln 61260 Ry sgeringvss breaking

subsequent Ig raised to -245 0C. Tenperatures of (i)
aleng fthe ecrpatah ptiingsi yielding @ G&ipainosteowtut frchet®4. Zeeinehes on a side.
mai nt ai ned at -150 OC and about 115 OC, respectively,

Viesed0 i nyl tehdodesntabdimhensienasfur-¢ gmadnana depthhef ¥pe0 nm. Post-
patterns 90 of substrate 42 for selectively filling

g b PGt cobtls 42008 3886l Snning o

ME?‘B%%J&% ?g@nf%ogsﬁgﬂéﬁ%siéﬁ n@leicf}oﬁhﬁlli&%%ggw (‘TIELI\'/IFI Purity of

deposition materials was evaluated using X-ray Photoelectron Spectrometry (XPS)
analyses.

[0064] Experimental. ~25 mg of solid precursor, Rus(CO)12, (Sigma-Aldrich,
Milwaukee, WI), was premixed in 1 ml acetone and 30 ml CO, in a prémixing 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 5§9. Stage 38 was heated to a temperature of ~250

40



[0062] Results. Results in Exanple 2 were essentially
identical to those observed for deposition of

WO aaohaoiseen netal in Exanple 1. Results agai n er¢TiEsmeo12151
selective filling of the vias 90. Thickness of copper
netal deposited to vias 90 was found to be

COUSARUARY L SHBe SEE'B, RORSSS, A PeRfcs o4 wero
R

In contrast, copper netal found on the surface
grastienbi tied thet hviak neatterns 2A9.nm @é@edﬂbvénheﬁf)sﬂh‘? orpredissolved
was agai n evidenced, as in Exanple 1, by the
prdt&r%er/aoelmbe@bisdhﬂEmswae. igject@ti/iirato"detmsﬂﬁm ehamber 82 forming
Resul ts further showed deposition was non-confornal,

thé -fihal SORENTEIUId S, | SULLERES i4Relad tp cbR@cY ttinte 8P the reagent fluid of
EXAMPLE 3 [0063] In another exanple of selective

AR I iRk, atJull‘?é A3t fliddyEhGio O rut heni um metal was

Fectively I'n vias 90 of a sem conduct or

substr at arti a coat s 90 alo .
[Og%gnper ﬁ?%ﬁﬁ §nf"u§{§ﬂ1¥l?|dat"édi:ﬂﬁ'e rut SRt Red : mSelectively
nmet al precursor, Ru3 COi 2, and a stoi ch| onetric
deposiied t@fboétpgag@rfﬁaceg §a a@ngp alppg surizcep AP 96c in response to
undesi rabl e oxidation from m scel | aneous oxygen
the olenyeerature t gradierd cgéneratsidabbbveafusontred dfokatt fesnperature T+ and
were mxed in a solvent fluid 59 of densified CO2. A

lotSTRELY W susfaadi ®Niatvasmpsaeirat €4 and loeativn ds) ) those locations
conjunction with a heating source 40 such that

wl?ér%”@%ﬁéggﬁdgy}f& éé ?ﬁ*?‘éﬁ%ﬁ?%?ﬁe% ¥ flfr%é‘rp?@éurégr about 150

QL;) Egm@s eCt | ﬁﬁ%@rﬂf ﬂ%g %ﬁgctg\gegi%efp%%ﬁadv‘fot %L;C\Eé?;o 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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the rel ease tenperature for the precursor 58 thereby

coating vias 90 along the tenperature gradient.
wEIstiot@ coupons 42 were sized by scoring anBCT/US2006/012151

breaki ng al ong the crystal planes yielding a coupon

about 1 inch to 1.75 inches on a side. Vias 90 had a

oB0Y Iof ONb8! ofl! AP 198, Srfaceladh 28 SsiftiP MoBE. R efMRium metal
st processi ng exam nation of test coupons 42 was

conduct ed i Scanni El ectron M crosco EM and
iRl BQelfTO BRe Rt Shs R eBEbisy rchieh F Bubragibeds. 0. Ha, that
deposition materials was eval yated using X-ra N ]
prsysiscyrdesigg dationnstheyreasiies chambes dyring ition were mixed

Experinmental. -25 ng of solid precursor, Ru3(COi 2,

in( & gotvenlt diluidh 59Mof wiensified V80, aladiqpidemheadciitical of supercritical
acetone and 30 M CO2 in a premxing cell 36 at 1100

tepsperatiited For0Bk. scvarstfit® 59U cA esmpbidluslgsidigitevd? gehsrated in the
secured to ceram c heating stage 38 having an internal

viBg &l iﬂgsozngmcﬁi%n%tﬁ afhéégﬁbis%rééibétsheh Qhétzele?fﬁe?ﬁ@gugﬁalnium (Ru°)

was seal and chanber 82 was pressurized wt

f I&E thr i nd a
TSR B s el st do BbeP ks R aAE Gepfurdor 58 was
fromsource 14. Chanher 82 was equi pped wth several
sqee td@oﬁ%@%utﬁl é@@@ﬁ%@ | exeardting dhe weleane; fgmperature for the
tenperature of heating stage 38, substrate 42, and
presUlast58. |Qubstsge cetipges 38 ware $igad &y $cormg: ang dreaking along the
of -2500C. Tenperatures (i) of surface 94 and (ii) of

criystal pl&eslymldingua f cogpodd abeute1 nachttei hgd aiche$06n GCside. Post-
and -75 0C, respectively, creating the desired

PPN LTSN oot ool g e L9t a 005 ROtS g Eecron
M@8sédye sty Nhfa d§PARhis8BnC 8RN BridB5BORY (TEM). Purity of
deposition materials was evaluated using X-ray Photoelectron Spectrometry (XPS)
analyses.

[0067] Experimental. ~25 mg of solid precursor, Ruz(CO)¢2, (Sigma-Aldrich,
Milwaukee, WI), was premixed in 1 ml acetone and 30 ml CO; in a premixing cell 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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the final solvent fluid 59. Substrate 42 had a contact
time in the reagent fluid of about 10 m nutes, but is

woeielosrse ed t hereto. [0065] Results. As il usPCHUSZHO6/012151
FIG 10, rutheniumwas selectively deposited to bottom
surface 96a and up al ong surfaces 96b and 96c¢ in

°C.CSPORPRIONN ) [ TRATRIUOE. MAYliPor f@zﬁf‘@gafalﬁgv?gé&%%% 94 were

source 40 (at tenperature Ti an ocation L
2 . ti L at .

m? Hﬁé@gﬁogéf ?ggs@m%%gﬁb iﬁ;"e ’a'fe%:agdé\%ged%et ﬁ?e) Pl faReedissolved
t t f th , about 150 0C. Results, . i
R Bl e Bt o o pekmban . RE Vb ime

90 partially coating the vias 90. In particular,

depasifianschambeed2 dormnied the fiosl solventiuid 88nSuhsatead2 had a contact
i.e., the Ru filmwas asymetrically deposited to the

tirbetin the rdagent fluidasf AVUAN0 mipuEs bt & petriimited Heréloe
walls (e.g., surface 96a and up al ong surfaces 96b and

[0088)] Of tReswitds AQ WistFRel SAPEIG 42 CrANERBAC tdtBP was deposited
rel ease tenperature for the precursor 58. EXAMPLE 4

A0y 0 PSR S ATBL LSS (AROTe bl gy o0 anc

ustTa enium neta

eposi t,ad, t exter.nal ) surface 94 of a sem condquctQr
965 PR 988 5 S, 9BIRCP ko fyrRBe Db dgPosiph JiPRac eirtaces 96a,
96a, 96b, and96c) of vias 90 in a top surface-down _
96k paRd 136snohwias. 90 exhiitast anthiecanfosmet sogoating.  Surface 94, in
Ru3(COi 2, and a stoichionetric excess of a reagent
caydrast,eexinibitad a fitnh dhickmesseoitfoomratbest 1@ dnoto dboub20 nm. In Example
the reaction chanmber during deposition were mxed in a

4,s pasuitst démendtrafedothate saifhce delddivity WhsUdhtrolled by kinetics and
near-critical or supercritical

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 muitiple 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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tenperatures for the solvent fluid 59. A tenperature
gradi ent was generated in the vias 90 in conjunction
wowdoh/1es4beat i ng source 40 such that el emental PCI/Os20060M2151
(RuO) released from precursor 58 above the rel ease
tenperature for the precursor 58 was sel ectively
deposited to surfaces 94 exceedi ng the rel ease
strugtseskanqiving pierire pRBplpxgromslnes (B4 r dudl ¢ynpserRNessiructures,
wer e sized by scoring and breaking along the crystal
ingiiding poytiensithegeef. coeipotiveadeposition ndy be useddn icoohestion with, or
on a side. Post processing exam nation of test coupons

as4an \siterreativauio] rocesiseg ibcladimgn duEl et tintitedVia; rOsemRal Mechanical
(SEM and Transm ssion El ectron M croscopy (TEM.

{ANi fcﬁ@@p & Il ' ; ated using
Iq%@%@%?ﬂgﬁétoelé???gﬁm§g2@§?gﬁg§$¥®?Qg%ebghalyses.

7 ' T f ' _
[0@8@? C]O) F@ﬁﬁé( g%hgel_s&naﬁgﬁ?oﬁﬂ%&é&?é%ﬁe@mﬁ%mm with reference
prem xed jn.1 m acetope apd 30 mM CO2 in remxing. .
to Jgripus Eapodimss SetaRl ibshaed he sndpeinagdnst henifyention is not
_substrate 42 was secured to ceram c heating stage 38
limifedhthenetion eaidnvdriousaaltegadives de faonfand Wetalh mpy be made therein
substrate 42. Vessel 12 was seal ed and chanber 82 was
withoes dapattied frarh the $piribandlsedpe o thd inwantionr ce 16
through inlet port 86 and to a total pressure of 1100
psi with carbon dioxide (CO2) from source 14. Chanber
82 was equi pped with several K-type thernocouples 50
positioned for neasuring tenperature of heating stage
38, substrate 42, and solvent fluid 59. Stage 38 was
heated to a tenperature of -3500C. Tenperatures (i) of
surface 94 and (ii) of fluid 59 above surface 94 were
mai ntai ned at -200 OC and 110 OC, respectively. One (1
) m of predissolved
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precursor/acetone/ CO2 solution mxed in a prem xi ng
cell 36 was injected into deposition chanber 82

wo oooaiteiged he final solvent fluid 59. Substrat epdRUbmd6/612151
contact tinme in the reagent fluid of about 10 m nutes,
but is not limted thereto. [0068] Results. As
illustrated in FIG 12, rut q&' §1netal was deposited
selectively to surface 94 of subStrate 42 and al ong
walls (e.g., surfaces 96b and 96c, and 96a) of vias 90
in a top surface-down deposition node. Surfaces 96a,

Wegtiaimind 96c of vias 90 exhibited a thin conformal
filmcoating. Surface 94, in contrast, exhibited a
filmthickness of fromabout 10 nmto about 20 nm In

1. Enanptroddior sekeative ddpaositish tasedacd(s), compristey:
selectivity was controlled by kinetics and precursor

di f f usicRidinyBes D stk tahpessdibf ackkast 6fe platbhs!, baiatubstrate
(hot) surface 94 dom nated the process for netal

N o e _ " _ o
c iR REorRTRARH rPibelMépockein i BRI, il refationship with
her ei n. [0069%( gel ective deposition in accordance with

t RGHIOISANUTEHSEnt i on of fers enhancenents and/ or
alternatives for surface processing related to

manuf BEMdina@ e fabrication of substrates, e.g.,

sem conduct or chips and rel ated applications including

e. g. , pahiiging rdprecussob stiscible ineral stablerat liguds maaseritical, or
enconpasses sel ective deposition of materials, as
dggpéeidpitidalnediitionsefod saidasoNent e6sid Prdciinsbreorfgriging a deposition
barrier filnms on silicon wafer or sem conductor chip

S %étéﬁﬁﬁﬂé%ﬁmgf Ard|Ehsd ?%mﬁé’r’atﬂérjel or dﬁtﬁﬁf‘ﬂélr QbR prelrsor;

partra oating surfaces (conpletely or
bt nBtod R RS ST Eoishl AL sl AL
Vol ds?]’eating said substrate generating a temperature gradient at, on, in,
through, or along said surface, said surface being at or exceeding said release
temperature for said precursor; and
whereby said deposition material is released from said precursor and
selectively deposited to said surface in response to said temperature gradient

thereby controlling the location of said deposition material at, on, in, and/or along

said surface.

2. The method of Claim 1, wherein said substrate is a semiconductor chip or wafer.
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tunnels (e.g., interconnected tunnels) and/or other
structures (nano- and m crostructures) having

wo@rlvenosidsee conpl ex geonetries (e.g., dual danaRBCENS2006/012151
structures, including portions thereof. Selective
deposition may be used in conjunction with, or as an

3a'fh%oﬁ%mao§p% UL 0358 S0 s 158 member
tat| re hereby intended. [0070] Wile the
prS@éf‘é%ﬁ% § GURLONSisting o bettops diakdiasizonialt vertical, pattern

reference to vari ous enbodi nents thereof, it should be
urieeiuse qrccamnbinations theveoft i on is not |imted thereto,
and various alternatives in formand detail nmay be
made therein w thout departing fromthe spirit and
scope of the invention. CLAIMS W claim 1. A nethod

4f Ohespkifdd SECRAROS IWHRBIN 2§ gég§§|ﬁ§ﬁ)surlﬁ8g%h§drfé%s a member

prow ding a substrate compose 'east on

t cl e
Féa%éé ; P?%f%e@%ﬁ SRSBohE S AR ByliRAR, i< rmngcged tunnets),
E g source qg rovi di ng a sol vent;
pf%‘GYOdF ety %( L NBNOs I etiel Dy B PAMBitRtENgHheraef having a three-
quid, near-critical, or supercritical conditions for
Qﬁﬂe§§PO@h$U aGH.d precursor conprising a deposition
mat eri al rel easable at a rel ease tenperature or
condition for said precursor; exposing said substrate
to said precursor in said solvent fluid; heating said

5.5 UbgtmhetrddosiMClaih i4n dvheréig iRl Aicoe aﬁHRﬁ'r%‘hb StuctOfes are selected
in, through, or along said surface, said surface being

Aroft tHRXGRRMY Bhsting dr¢h&@wfical 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, or combinations thereof.

7. The method of Claim 1, wherein said heating source(s) are selected from the
group consisting of infra-red, convective, resistive, uitrasonic, mechanical,

chemical, or combinations thereof.

8. The method of Claim 1, wherein said precursor is a compound selected from the

group consisting of thermal polymerizing polymers, grafting polymers, metal
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tenperature for said precursor; and whereby said

deposition material is released fromsaid precursor
wapweded4ect i vel y deposited to said surface i n PERFPSINSE012151

to said tenperature gradient thereby controlling the

| ocation of said deposition material at, on, in,

and/ pr._al | r .. 2. Th t.hod. of .C aj
whbpBieS J0P8 EErv: b3MSuon ur il ke nr iohates.
waf er. 3., The t hod of iml wherein said

d&pBylexiag aQSH%a@EQ%B%%‘Ft@ﬁ'@sCO&nP@P&e?e@@PE%toé&om%rr‘@t‘ons
the group consisting of bottom flat, horizontal,
véhereohl , pattern feature, or conbinations thereof. 4.
The nethod of Claim1, wherein said deposition surface
conprises a nmenber selected fromthe group consisting
of void(s), tunnel(s), interconnected tunnel (s),

9. MTHOMBHIHCAUTIBIR ), wWhEnSddid predRéS)is aor"neﬁé? 'Ebmtﬂfyl edmpound.
thereof having a t hr eedi mensi onal surface.

nmet hod of Claim4, wherein said mcro- and/or
nano- structures are selected fromthe group consisting

18 TR PR AL RN EabgreinSRbStoerioet 11 8% Brgmetglic compound.

The nethod of Claim1, wherein said solvent conprises
at | east one nenber sel ected fromthe group consisting
of carbon di oxi de, ethane, ethylene, propane, butane,
1 6.ulTher ieitafd ofdClaihe 1, avheneinsaicd praconsoniatsetacted fremethie. group
7. The method of Claim1l, wherein said heating

> hERAy NSt eSS uReraA) 19 o

Mehani&dacetylacetonate-2-methyl-1-hexene-3-yne, copper (1)
hexafluoracetylacetonate-2-butyne, copper () hexafluoracetylacetonate(cod),
Cu(hhexafluoroacetylacetonate-vinyl-trimethylsilane, Cu(ll) hexafluoroacetonate,
Cu(Ihhexafluoroacetylacetonate-vinyl-trimethylsilane, Cu (l)
hexafluoropentanedionate - vinyltrimethylsilane complex, Cu(ll)
hexafluoropentanedionate - vinyltrimethylsilane complex, Cu(l)
hexafluoropentanedionate cyclooctadiene complex, Cu (Il) hexafluoro-2,4-

pentanedionate, CupraSelect®, trirutheniumdodecacarbonyl, ruthenocene, or

combinations thereof.

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

defect repairable in accordance with said method.
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chem cal, or conbinations thereof. 8. The nethod of
Claiml1l, wherein said precursor is a conpound sel ected

w0 p@ai1od3e6 gr oup consi sting of thermal pol yneri2¢Tygs2006/012151
pol ymers, grafting polyners, netal chel ates, netal
carbonyls, transition nmetal coupling agents,

di ket onat es, | exi ng agents,, organonet al | | .
13¢. o IRiNP S 26 CHRIE, T o NelsiibraltblsAse (olligh Casfiprises @ member
met hod of Claim1l, wherein said precursor is netal .
cseleoiedl fran e greHp a@sisting afamesures Kinelicsn C@,tgb(ﬁ@ Eggption rates,
said precursor is an organonetallic conpound. 11. The
nitichaddphaBiciated, desbepeisitionaiod combinations theresél ect ed
fromthe group consisting of: copper (I)
hexaf | uoracetyl acet onate, copper(l)
hexaf | uor oacet yl acet onat e- 2- net hyl - 1- hexene- 3-yne,
C £l uo W ag B2 r
140 PR Tckid SR AP AR AT LBAR ROk nRstEHRs FRRRA
Cu(l) hexaf | uor oacet yl acet onat e-vi nyl -tri nmet hyl si | ane,
Cu(11) hexafl uoroacet onat e,
Cu(l I') hexaf | uor oacet yl acet onat e-vj nyl -tri methyl sil ane,
15T e iRl Gonah L HAG O RN ELa) e F AT ap Shsio
conpl ex, Cu(ll) hexafl uoropentanedi onate -
veosistingret Gyl Biul 2neNg fdphexi, Tu( 1)
hexaf | uor opent anedi onat e cycl ooct adi ene conpl ex, Cu
(1'l') hexafluoro-2, 4- pentanedi onate, CupraSelect(r),
trirutheni undodecacar bonyl, ruthenocene, or
165 OFFRd H\%tth&i‘gf gtﬁ%eﬂfwhér@in J418 deBbEEEn Phatekial i alnonmetal.
wherel n sal eposition surface conprises a materi al
defect repairable in accordance with said nethod. 13.
The nethod of Caim1, wherein said release condition

17(? oanPg Imse(teﬁog oFEEQ?r%H, wherein said deposition material is a polymer.

18. The method of Claim 17, wherein said polymer is selected from the group

consisting of thermal polymers, grafting polymers, or combinations thereof.
19. The method of Claim 1, wherein said temperature gradient comprises two-
dimensional or three-dimensional temperature gradient(s) for controlling

deposition selectively to said surface.

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

conjunction with temperature programming.
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sel ected fromthe group consisting of pressure,
ki netics, catalysis, reaction rates, thernodynamc

WO 210649546econposi ti on, or conbi nati ons t her eof PCUS20061€12151
method of Claim1l, wherein said deposition material is
a netal. 15. The nmethod of C aim 14, wherein said

2 kB8 G0 PSR RkhTe tne Shomica
wherein said deposition material is a nonnetal. 17.
TREdIE 96 deagernt taisaid SOl salected ifpnd g grauppeonsisting of reducing
material is a polyner. 18. The nethod of Caim 17,
whagenisn oxidizing apgnis; catalydiel axenés] rbaciing tieergioatiagents, non-
consi sting of thermal polyners, grafting polyners, or
C paHutivatnensicalnyeps, colSolvams, orEdabinatioks Hdhedr.
wherei n said tenperature gradi ent conprises
t wodi mensi onal or three-di nensional tenperature
gradient(s) for controlling deposition selectively to

i thod .of aim1 erein said
2% i RIS ol e dredi e parplRliirdermpresent a
tenperature programing.2 1. The nethod of Claim1,
fUggﬁ%rrs@lﬁ%ﬁ?mgﬁﬁgemﬁ??Hﬁﬁ%'ﬂrﬁ@"éﬁm[ﬂé‘&%t one cheni cal
additive or reagent to said solvent selected fromthe
group consi sting of reduci ng agents, oxidizing agents,
catal ytic agents, reactive chem cal agents,

25 dlifreemethockot O, vigreinssaid oINS Sire 8¢lected from the group
conbi nations thereof. 22. The nethod of Claim?2 1,

V\ﬁ@fﬁﬁfgﬁhgsgf' chﬁgg,cké@n@g_ent (s) . is hydr ogen present at
near or stoichionetric excess in said solvent fl uid.

23. The nethod of Caim2 1, wherein said co-solvents
are selected fromthe group

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);
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consi sting of alcohols, ketones. 24. The nethod of

Claim 23, wherein said alcohols are selected fromthe
w@emapoaensi sting of met hanol and et hanol. 25.Pdes2006/012151

nmet hod of C aim 23, wherein said ketone is acetone.

26. A nethod for selective deposition to a feature

surfac I I 4 .84 00 W
subst r & GEREpl ol g SRS RicR e R R L 2t at -
de&ositi on surface dis oseg%i n. an_operabl e ther nal

- EPIERSS QPR OTCNEOTE o, Bl RIEEHREY i ng =

precursor conprising a deposition material releasable .

at a r expasiagisaigevbstiate to saibsriventaNd saidpapeursor at liquid, near-
precursor; exposing said substrate to said solvent and
sariticgy ecsuparcritical ldogditions femsaid ispiveat;, or

supercritical conditions for said solvent; heating

sai d sulestingtsaid\éiiistead dvithosi¢ 60alcegeNfsrfiratigy a temperature
tenperature gradient in said features; and whereby

sy SqidaPpsddid ?éhtgpés‘?%\hﬁl is released from said

precursor at sald release tenperature or condition for
said prec

[ SOor el.ect| e 1 ted | ' :
F oat ur UtRAY spRf SRS R FERTER LS % Brganay ot said
to said tenperature gradiept supstantially fillin o
séﬁ'@aﬁ%é@ﬁggr%ﬁq %Gﬁ%‘%dall n ‘g’rﬁéﬂf PEFUTTRE S%lﬁ%t've%’ deposited in
controlling the location of said deposition materi al
i ipaithiegtyrestandégrstp saididepositior sudaee fokaspiobae o saigtlemperature
gradient substantially filling said feature pattern(s) or a portion thereof and

controlling the location of said deposition material in said feature(s) and/or to

said deposition surface.

27. The method of Claim 26, wherein said substrate is a semiconductor wafer or

chip.

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

thereof.

29. The method of Claim 26, wherein said features are selected from the group

consisting of vias, wells, trenches, gaps, holes, divots, or combinations thereof.
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27. The nethod of O aim26, wherein said substrate is

a sem conductor wafer or chip. 28. The nethod of Claim
wWQgyoembasei n sai d deposition surface and/ or feBtTU82006/012151

surface conprises a surface selected fromthe group

consi sting of twodinensional, three-dinensional,

bottom flat, horizontal, vertical, or conbi nations

t hereof. 29. The nethod of O aim 26, wherein said

eat,ur es ar ected fromthe group consisting of
305 216 TRt ol GBSt wHsagio,sau Hiss, ayevs Fsrabimension in the
conbi nations thereof.30. The nethod of C aim 29,
wHERge ArosapRovt 280 REVie abauitleural ardl depibs imthenrarige from about 200
range from about 250 nmto about 1 nm and depths in
t e taahout 460mabout 200 nmto about 400 nm 3 1. The
nmet hod of C aim 26, wherein said features have aspect
ratios in the range fromabout 2 to about 100. 32. The
met hod of C aim 26, wherein said deposition surface

0 j j : ' I i t had.

35 R Tt SR, FieSEh SRR R TAe At FRigh M the range
syrf rises nber selected fromthe group
ci@ﬁ%?f’ﬁggg? 368%?(},@? tunnel (s), interconnected
tunnel (s), mcro-structure(s), nano-structure(s), or
conbi nations thereof having a threedi nensi onal
surface. 34. The nethod of O aim 33, wherein said

3% dihe-matiirdosf Glaim 261 mietein esicdepasitierc sedade oomiphiges a material
group consi sting of nmechani cal device(s), fan(s),

c aefedt egpaitale 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

selected from the group consisting of mechanical device(s), fan(s), cantilever(s),

mems device(s), damascene structure(s).

35. The method of Claim 26, wherein said release condition comprises a member
selected from the group consisting of pressure, kinetics, catalysis, reaction rates,

thermodynamic rates, thermal decomposition, or combinations thereof.
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mens devi ce(s), damascene structure(s). 35. The nethod

of Claim 26, wherein said rel ease condition conprises
w@20veiriras6 sel ected fromthe group consi sting oPCT/US2006/012151

pressure, kinetics, catalysis, reaction rates,

t hernodynam c rates, thermal deconposition, or

conbi nations thereof.36. The nethod of C aim 26,

wherein said filling conprises depositing materi al

rel eased from sai d precursor along said tenperature
36gFhaimetihod af Claie 2 avharein spid fitfing GAERRIERESH Resiling wgterial

wherein said filling conprises a nmenber selected from

trefecgedfomeaid pracugsarfalqray saidltempengiuee gradientimseaid teature.

conformal . 38. The nethod of C aim 26, wherein said

sel ective deposition conprises asymmetrically filling

of said features. 39. The nmethod of C aim 26, wherein

37> ﬁ’pger ﬁgtt‘?&& 'bf éléiﬁ%ivmé}gir%mffihﬁ@sccﬁﬁ&ﬁééwa fhEnber selected

surfaces of sald features. 40. The nethod of

ai m 26, wherei.n,.sai nper [ .. C 1-S8S
e salh onaru KpEpATaR SoBulER AR e RO
di mensi onal gradient for controlling deposition
selectively to said surface. 4 1. The nmethod of Caim
26, wherein said tenperature gradient is generated, in
38c ohipe nuethooh ohiClaint 2e;peherein %aig ISGIRQEINEIdRPOSIHION Crraprises
met hod of Claim 26, wherein said solvent is selected

f &Qymitrericg dillingootsdasd ferguels. car bon di oxi de, et hane,
et hyl ene, propane, butane, sul furhexafl uoride,
ammoni a, or conbi nations thereof.43. The nethod of
Cl aim 26, wherein said solvent further conprises at

39'0153 ‘?:b:‘é gﬁ%ﬁﬁﬂé %gggﬂm% | \ﬁﬁ%r%% Eéi@@eqér}?g/’%rdﬁﬁbsﬁmcﬁﬁbﬁ%s coating

'oxi di"zi ng age

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, or combinations thereof.
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hydr ogen, al cohol s, ketones, and conbi nati ons thereof.

44. The nmethod of O aim 43, wherein said al cohols are
w@edoeaodae from the group consisting of et hanoPCHOS2006/012151

et hanol . 45. The .nmethod of C aim 43, wherein said

ketone is acetone. 46. The nethod of C aim 26, wherein

sai d deposition material is a nonnetal. 47. The nethod

of Caim26, wherein said deposition material is a

ol 48. The nethod of C aim 47, wherein said

4£0|T%;ﬁéﬁeth§d§é IGdaine a6t wheraim saigrsniyend fugher corgpases at least one

thermal polyners, grafting polyners, or conbinations

t heageoit selegtedrrermibelgrdupicofbiating 26 redMutigagestsi dxidizing agents,

precursor is a netal carbonyl conmpound. 50. The nethod

ohy&iogen dRohvle k@!dhe§aéﬁ’d ebﬁfbmaii%s'tﬁe%f

organonetal | ic corrpound . The nethod of C aim 26,

wherein said precursor is seI ected fromthe group

consi sting of: copper (1) hexafluoracetyl acetonate,

o] r(l . . .
4@ RBE el o6 CJrim 43 waptein saickalgehols res salecied, fram the group
per (1), hexafl uoracetyl acet onat e-2-butyne, copper
5”%% PuBeianc) padatonale( cod)
Cu(l ) hexaf | uor oacetyl acetonate-vinyl-trinethylsilane,
Cu(11) hexafl uoroacet onat e,
Cu(l 1) hexafl uoroacetyl acet onat e-vi nyl -tri net hyl sil ane,

45CuThé Imdtha fof Craiap28! whediv Baideketoé RyAddtbAsgt hy!l si | ane
conmpl ex, Cu(ll) hexafl uoropentanedi onate -

vinyltrinmethyl silane conplex, Cu(l)
hexaf | uor opent anedi onat e cycl ooct adi ene corrpl ex,

4 The RRRAN SR 26 v BB SE R AR Bl B G RTE ol et

47. The method 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, or 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.
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conbi nations thereof. 52. The nethod of C ai m 26,

wherein said deposition material is a netal. 53. The
woredokoes4ed Cl ai m 52, wherein said netal is selBCt/Es006/012151

fromthe group consisting of Cu, Ru, Zn, N, A, W

Ti, Ta. 54. The nmethod of Claim 26, wherein said

precursor co LS a.deposition mater.ial oper S
515 e ediod AL ) 2 PTGt BiRfteTdp selied BpafrBroup
A system for selective_deposition, conprising: a
civastssingfadr ccmr@gi(H@eéaﬁu%tcwﬂ%cq{@wtﬁgcgpmﬂgsi tion
surface;a delivery systemfor delivering a solvent and
shexadaorcanetyiacatondte-2-mathyld! -bekerer3-ywie, £oppgu(ly,
near-critical, or supercritical tenperature for said

%mnbra@ql&abﬁswg%tmbbsém) RextEosatétplacetonate(cod),
materi al rel easable to said surface at a rel ease

ng@ﬁ%g%ﬂﬁgﬁgfagéwe@oﬁ@%)g% mefhyiRines W Pt &lafludfoacetonate,

sal rate, sai'd surfdce of said substrate
disppsed jn an | e, t | ' ith said
el e e ST e U
dhraskiarosntaRRsoRate i QirseR euene Foaete:. G
deposition material at said rel ease tenperature from
sk fiioesperdanedineaiebyvisirimetdylsdane sampieeGyl) i s

sel ectively deposited to said surface in response to

siéehffuerpssrabisdogaiediyeidodtidierd gomphex, du {Ihheéxediaoiwa,4-
and/ or thickness of said deposition material at, on,

| Bent@hedioPBk, TaiftaSEIdct® Strirutheniumdodecacarbonyl, ruthenocene, or

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.

55. A system for selective deposition, comprising:

a chamber for staging a substrate having a deposition surface;
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56. The system of C aim55, wherein said deposition

surface includes a surface selected fromthe group
weomsitei4bdrg of bottom flat, horizontal, ver_timrlusmn6/012151

combi nations thereof. 57. The system of C aim 55,

wherein said tenperature gradient conprises a

t wodi ' ' ional tenperature . , i
ar adi et OPRrer sapteny o sty EAT b Rert B0 Pdtdpqrgnisoive insai
sai d ,surface.58., The system of O ajm 55, erein )

gendheitat HFAWd; ’&e‘f‘fr'e‘?%'@?gtoﬂ PHPgradCcaiemnarpiure &y saié solvent,

of tenperature progranm ng 59. The system of J ai m 55,

wheFaifl Preclirgosgemerising aaderagitorematerdal acleasable to said surface at a
fabrication or wafer manufacturing system 60. The

sy stelgassf teGipraiuss fovdaid recissord sol vent further

conprises at |east one chem cal additive or reagent

sel ect ethéatasurbe(sYFrUREARHatd bisstPite! SHHG PGB 8BRS substrate
oxi di zi ng agents, catalytic agents, reactive chem ca

ag edﬂ&ﬁo)sé@fﬂlr&?ﬁg?é@#?ﬁ%%ﬂa%ﬁp whth 3R KELE SourlE(s) for

conbi natl ons t

generating a temperature gradient at, in, on, through, or along said surface;
and
wherein heating of said substrate releases said deposition material at said
release temperature from said precursor whereby said deposition material is
selectively deposited to said surface in response to said temperature gradient

thereby controlling location and/or thickness of said deposition material at, on, in,

or along said surface.

56. The system of Claim 55, wherein said deposition surface includes a surface

selected from the group consisting of bottom, flat, horizontal, vertical, or

combinations thereof.

57. The system of Claim 55, wherein said temperature gradient comprises a two-

dimensional or three dimensional temperature gradient for controlling deposition

selectively to said surface.
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58. The system of Claim 55, wherein generation of said temperature gradient

comprises use of temperature programming

59. The system of Claim 55, wherein said system is a component of a wafer

fabrication or wafer manufacturing system.

60. The system of Claim 55, wherein said solvent further comprises at least one
chemical additive or reagent selected from the group consisting of reducing
agents, oxidizing agents, catalytic agents, reactive chemical agents, non-

reactive chemical agents, co-solvents, or combinations thereof.
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