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AGONI STS w0oANENMENB0 OF GOVERNVENT RI GHTS [ 0001] Thi s i nveatriuseoos@s7siade Wt h
t he assi stance of governnent support under United States Grant No. 1 R41
AR052960 fromthe National Institutes of Health. The governnent may have
certain rights to the invention. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates to substituted 4- - 6- ani.nQ- 9- - di r r ahydr o-
f ur an- 2- WGTBYATIONSOLYTION E‘BRQEE‘@:&}‘{(SLES% &&iﬂlﬁ;@ﬁ Bﬂﬁ&@%ﬂ’d esters
and pharnaceuti cal conpositions thgtapgRssel ective agoni sts OF A Aadenosi ne
receptors (ARs). These conpounds an conp03|t|ons are useful as
pharmaceuti cal agents. BACKGROUND OF THE | NVENTI ON [ 0003] There has been
progressi ve devel opnment of conpounds that are nore and nore potent and/or
sel ective as agoni sts O A2A adenosi ne receptors (AR) based on radioligand
bi ndi ng assays and physi ol ogi ¢ROSSREFERENCEY exanple, U S. Pat. No.
6,232,297 to Linden, et al. describes conpounds having the general formula:
wherein each R can be H, X can be ethyl am nocarbonyl and Rl can be Rl can
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et her or am de, CR1LR2 can be CH2, and Z can be a het erocycl ic ring. These
conpounds are reported to be A2A i 0006] U.S. Pat. Appl. No.

2007/ 0270373 to Rieger, et al. (@&mﬁ@pounds havi ng t he general

formul a: wherein NR R can be NH2, R can be a an ether or an anm de, R can be

ethynyl, Y can be Oor NRL, and Z can be an aryl or heteroaryl. These
CorrpOl[miB] ar eThie porchgon pmd]m taXMlargratips b clectronic devices such as 1ntegrated circuits;

more specifically, this invention relates to methods and solutions for activation of dielectric

oxide surfaces for electroless plating for electronic devices.

[0003] Electroless deposition is a process that is frequently used in the fabrication of
electronic devices. The process is particularly important for applications requiring deposition of
a metal layer onto a dielectric substrate. Electroless deposition processes can readily proceed on
certain catalytic surfaces. Usually the catalytic surfaces are metal or metal activated dielectric.
Numerous processes have been developed for producing catalytic activity on dielectric surfaces
for clectroless deposition. In many ways, the known processes provide satisfactory results.
However, some of the known processes are complex and may not be practical for manufacturing
operations. Another problem is that some known processes are slow and have process times that

may be too long for practical manufacturing operations.

SUMMARY

[0004] This invention pertains to electronic devices, more particularly, to metallization of

electronic devices that require electroless deposition of metals. The present invention provides



[ 0007] Even in view of the above, there is a continuing need exists for A2
adenosi ne receptor agoni sts useful for therapeutic applications. SUMARY OF
THE | NVENVOG)N9/d8638] The present invention provides subgCirtuseed/ 47877
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agent has at least one functional group capable of forming a chemical bond with the oxide

surface and has at least one functional group capable of forming a chemical bond with a catalyst.

[0007] A third aspect of the present invention is an electronic device. According to one
embodiment of the present invention, the electronic device comprises a dielectric oxide having
an oxide surface, a catalyst for electroless deposition, a binder chemically bonded with the
dielectric oxide surface and chemically bonded with the catalyst, and a metal layer electrolessly

deposited by the catalyst.

[0008] It is to be understood that the invention is not limited in its application to the details
of construction and to the arrangements of the components set forth in the following description
or illustrated in the drawings. The invention is capable of other embodiments and of being

practiced and carried out in various ways. In addition, it is to be understood that the phraseology



conjunction with anti-pathogenic agents. [0015] In an enbodi nent, the
present invention provides a novel conpound of forrmula I, Il, or IIl or a
st er eoi sowero@vospdsar maceuti cally acceptabl e salt ther eofPCTIUS2008/108780016]
wherein: [0017] Rl and R2 independently are selected fromH and G _3 al kyl;
[ 0018]Cage Dpckel CRHWSF r om cycl opropyl, cycl obutyl, cycl opentyl,
tetrahydrofuranyl, azetidin-2-onyl, pyrrolidinyl and pyrrolidin-2-ony|;
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[ 0021],4 Zdnifise Substituted with 0-2 Z2; [0022] Z2 is independently selected
fromF, C al kyl, CF3, OCF 3, (CH 2)aOR3, (CH 2)aNR3R3, N2, (CH 2)acN,
(CH 2) aC2Rs3, and (CH 2)aCONR 3R3; [0023] R 3 is |ndependently sel ected
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selected from1l, 2, and 3 0028] In anot her enbodi nent, the present
i nventneshodsr vl sretsma forospetyingors @biregts Qf/rﬁ]éﬁrlél’ﬁﬁ*ﬁnt Heeatiom dutsdmpsrtatt, fhersferca |
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Cl- 2 alepatt frolnQBS2YiriRdnd scopd &) tNRBiesEdGddintieach R i ndependent ly is sel ect ed

fromH Cl-4 al kyl, cyclopropyl, cyclobutyl, and -CH2-cycl opropyl; and,
[0034] q is | .[0035] In another enbodi ment, the present invention provides

a novel corrpound Memﬁﬁmsemgmﬁgﬁﬁtw(%n [ 0036] In another

enbodi nent, the prese ound, wherein the
conmpound is of formula Il: [0037] R1L and R2 are H,

FIG. 1 is a diagram of an embodiment of the present invention.

[0010] Skilled artisans appreciate that elements in the figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale. For example, the dimensions of some
of the elements in the figures may be exaggerated relative to other elements to help to improve

understanding of embodiments of the present invention.

DESCRIPTION

[0011] This invention pertains to electronic devices, more particularly, to metallization of
electronic devices. The present invention seeks to overcome one or more problems in fabricating

electronic devices such as for fabricating semiconductor devices that use integrated circuits.

[0012] Embodiments of and the operation of embodiments of the present invention will be
discussed below, primarily in the context of processing semiconductor wafers such as silicon
wafers used for fabricating integrated circuits. The following discussion is primarily directed
towards silicon electronic devices that use metallization layers having metal layers formed on or
in oxide dielectric structures. However, it is to be understood that embodiments in accordance
with the present invention may be used for other semiconductor devices, a variety of metal layers,

and semiconductor wafers other than silicon.



[0038] Z is substituted with 0-1 Z2; [0039] Z2 is independently sel ected
fromF, C 2 alkyl, CF3, OCF3, and OR3; [0040] R3 is independently sel ected
fromH amloCGo@ldsyi3p [ 0041] R4 is C(ONRR, and, [0042] each/uleosdersendent|y
is selected fromH, Cl-4 alkyl, cyclopropyl, cyclobutyl, and

- CF~- dypst Bockply | YO39843] | n anot her enbodi nent, the present invention
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this rb%{(ﬁﬁge%ﬁt, aﬁ@%%&’d“%f[v%@&?l This invention pertains to fabrication of

el ectronic vices such as integrated circuits; nore specifically, this
invention relates to methods and solutions for activation of dielectric
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for appbaitadnadRgy eorRtmiles 8eBRRILS ifeNpRferred embodiments of the present invention
include but are not limited to silicon dioxide (Si02), carbon doped silicon dioxide (SiOC),
silicon oxide-based low k dielectrics, and silicon oxides such as SiOCH, SiON, SiOCN, and
SiOCHN. Additional preferred oxides for embodiments of the present invention include but are
not limited to tantalum pentoxide (Ta205) and titanium dioxide (TiO2). For a preferred
embodiment of the present invention, the solution is used to activate an oxide that has been
patterned for a damascene or dual damascene metallization layer. However, embodiments of the
present invention are suitable for use on un-patterned oxides and essentially any type of

dielectric oxide typically used in fabricating integrated circuits.

[0015] The solution to activate the oxide surface may include a variety of water-soluble
solvents. For specific embodiments, the type and amount of water-soluble solvent are selected
so that the solution is capable of providing satisfactory solubility for components dissolved in the
solvent. In other words, embodiments of the present invention use an effective amount of water-
soluble solvent. As an option, a single water-soluble solvent may be used or a mixture of
dissimilar water-soluble solvents may be used. A list of suitable water-soluble solvents for some
embodiments of the present invention includes, but is not limited to, dimethylsulfoxide,

formamide, acetonitrile, alcohol, or mixtures thereof. Other water-soluble solvents suitable for



a netal layer onto a dielectric substrate. Electrol ess deposition processes
can readily proceed on certain catalytic surfaces. Usually the catalytic
sur f aces wopeomased3oor nmetal activated dielectric. Nuner@a3/Uyscasasmses have
been devel oped for producing catalytic activity on dielectric surfaces for
el ect leAse$clepoBPdl08n. I n many ways, the known processes provide
satisfactory results. However, sone of the known processes are conplex and
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Anot her aspect of the present invention is a nethod of fabricating
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chemical bond with the catalyst. Optionally, binding agents may be selected that include
different types of functional groups capable of forming chemical bonds with the oxide surface.
Binding agents may be selected that include different types of functional groups capable of
forming chemical bonds with the catalyst. Embodiments of the present invention may also use

mixtures of different types of binding agents.

[0018]  According to a preferred embodiment of the present invention, the binding agent
includes an alkoxysilane such as a mono-alkoxy silane and such as a di-alkoxy silane for forming
the chemical bond with the oxide surface. The binding agent further includes one or more polar
groups such as, but not limited to, an amine group, an imine group, a carboxylate group, a
phosphate group, a phosphonate group, and an epoxy group forming the chemical bond with the

catalyst. As an option, binding agents according to some embodiments of the present invention



di el ectric oxide surface and chem cally bonded with the catalyst, and a
nmetal |ayer electrolessly deposited by the catalyst. [0008] It is to be
under st oostot2h@tostise i nvention is not limted in its applpcTatSeas/ 81371 he
details of construction and to the arrangenents of the conponents set forth
in thé&aseDashiptagY @EX¥Sri ption or illustrated in the drawi ngs. The invention
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as including such equivalent constructions insofar as they do not depart
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THE DRAWNGS FIG 1 is a diagramof an enbodi nent of the present invention.
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water-soluble solvent from about 70 weight percent to 95 weight percent, binding agent from
about 0.5 weight percent to about 10 weight percent, and water from about 1 weight percent to

about 20 weight percent.

[0021] In a more specific embodiment of the present invention, the solution to activate the
oxide surface includes catalyst compound comprising a palladium compound from about 0.01
gram/liter to about 1 gram/liter, water-soluble solvent comprising dimethylsulfoxide from about
70 weight percent to 95 weight percent, binding agent comprising an alkoxyalkylamine silane
from about 0.5 weight percent to about 10 weight percent, and water from about 1 weight percent

to about 20 weight percent.

[0022] For another embodiment of the present invention, the solution includes a binding
agent having the general formula (R1-O)4-nMXn where M is silicon, germanium, or tin; X is the
functional group capable of forming the chemical bond with the catalyst; R1-O is the functional

group capable of forming the chemical bond with the oxide surface, O is oxygen; and nis 1, 2, or

6



el ectrol ess deposition of a netal |ayer. For the present disclosure, the
netal |ayer is defined as an electrically conductive |ayer that may be a
net al el eworznosnseisoas copper, a nmetal alloy such as cobact/uscake7sat | oy, or
a netal conposite such as a conposite of cobalt tungsten phosphorous.
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enbodi ments of the present invention are suitable for use on un-patterned
oxi deq0@23] esAeothcraddpyctanthd yresend invethedresta method iofl éabiriy piirgaélbgtronsedeviiaes.

fabricating integrat CII‘CItS 015] The solutiqgn to activate the. oxide
surf aéecCﬂa@n% foctvcrante %va?ri t&y 9%?%5%16 Je%% hemegioddnglidcsmspvi weanqueg
embodigEtes ’ex%&ﬁh 4 #Reo.ald s@iRUNb LlolkBdEts saivaRd ﬁles&llé(eegﬁrfa%"eefoﬁ%le%%l%gs SO
that the solution is capable of providing satisfactory sol ubili

conporiepesstiali eSmktabdind m:letctrelessdy vepasitirigna oteted daygo ode, the ratb@‘chtfrdewtlée etflrfEtche
preseﬁlhe gll%ntl on use an ef fectd ve anount t[%Watersol ubl e salvent. éasﬂyan

opti o Rb e acthe e grids P s 15 EREITRLY 18R STREEOTBPOSIGH 4 1R cen

di ssi fhd 3EmYVHr&FerSR! BRLEL&EO Foreihe SsolBonbErebesd sdprhi St Sdnehdll] tRbéRution to
wat er - sol ubl e sol vents for sonme enbodi nents of the present iInvention

i ncl u@é%Vatfbthe oxgderfgtfagq eArpriehes an agpwRitch Pinsiing asentsibsatigiynsdecsented supra.

aceto A h (0] eng S
St  ats e BuPRE a0 B B0 BBl AFER oo O Pl MEBERRRY HVE SERIEH T
be cl dafmihg pehsmital Gondrwithahy &Hdd Isuificet Bed aiab , ati retasti ewe¢ dinctibsalppespnt
di scl osure. [ 0016] There are nunerous catalysts suitable for carrying out
el ect PHPsEania éﬁééqr@qegtﬁd supra, capable of forming a”chemical bond with the catalyst. In a
preferred embodiment, the solution to activate the oxide surface comprises an amount of water-
soluble solvent substantially as presented supra, an amount of catalyst substantially as presented

supra, an amount of binding agent substantially as presented supra, and an amount of water

substantially as presented supra.

[0024] Additional embodiments of the present invention include the method of fabricating
electronic devices wherein the solution to activate the oxide surface includes dissimilar
compositions of the solution such as having each of the compositions presented supra used in a
different embodiment of the method. Since detailed descriptions of compositions are presented
supra, they will not be repeated here for the description of method embodiments of the present

invention.



Preferred enbodi nents of the present invention use conpounds of catalysts
known to be suitable for electrol ess deposition and catal ytic sources

di ssol vedwpreoadmsezsol uti on. Preferred enbodi nents of thePsoiustiosnstsa?
activate the oxide surface for electrol ess deposition of the netal includes
cat al yiase Doskiete 60%W08h as a pal | adi um conpound, a pl ati num conpound, a

rut heni um conpound, a copper conpound, a silver conpound, a rhenium

conpo or mxtures thereof. For _specifi nmbodj nents, the type and
anDnEnﬁR&s]watg‘]r-fg CBf e CBP RIS, 08 |é&<it§<ade s%fo Sjﬁ'%ﬁlcaflﬂ% EIGFtER‘f{gndWéCGS’

capableG.aH1ehi P \Hefbdien AhEfBE e ATPWH 2Qfvatat &LYS kutrel ReaRinfBsiH! face
to acconplish electrol ess deposition. [0017] The binding agents for

enbodiplentgsthefactivcp pride stirfagevistnt o plectarlcssapletingusrdutoans Eheplectadless plating

conpositi.ons. . The are choi fo he at | east on nci.i onal o]
copabRE T TR erhsrp Gl bR aER el SRl SR WAL FsfRkeShe
| east g 1¢ wiredli MAR! fof eRWBBdinRRAD thefprERhMentort hRMideabutoas howiititcing,
catal yst. Sone enbodi nents of the present invention may include binding

agent $opevi erpattwpickel. eolralietungstens cebdluvasstomahophonps Respramsions of claskaicsy a
chem calo AORCOIENL NG OX] A6 SHOLAGEs SeTht Hrlotn: ARTRGETRAALIRONR f Liche
presen Pventi on may 1 nc ude”brn i ng agen? aving two Or three or nore

f unct iParat 6g00.2pS t€ Kl & 0Hf addosiPagnacOne 76 & Kotiodetvilt het dodtehat off A6
Optional Iy, binding agents nay be selected that include different types of
f unct itesalPatsPsLAES Rcepstted Gercio inrithey eviEeh b thisgrtssensrt A perdedxingéndhad ace.
Bi ndi E Y. . i de..di ff p. . | gpal
or oupa S aaSp PRI AR SAL Al Eed Boiag \OFACRIAR B R ol YRR e 807
t he prpsesH suchvanibhoandrayclabhs complexmigxdgenes Bér ginid embodinteypes e fresedi ng

agents. [0018] According to a preferred.enbodi nent .of the present

i nvent TSRO GBPW@%Q%@%HWPP%%H@@ aﬁﬂglap%fx%}q%e YRS & mono- al koxy
silane and such as a di-al koxy silane for form ng the chem cal bond with

t he oxi de surface. The binding agent further includes one or nore polar
groupd0826dh adccdrding nothd prasenthventjona anathemmntpdongnt ofithd micthed gf talpicatang

car boxyl ate. gr,ou hosphate grou hosphopat e, gro and an 0Xx
o oup EPRRgITEsc AuTheE Aot e it e e Aag gL g e G, 3 s
agent soapEisingi Nedheing QEBnteFRA b NBEt® 1 Rfly tdeBo i S et mbRY @Rkt OPesrsRbOEle! :
Y08008 may include dissimlar polar groups or mxtures of dissimlar polar
gr oupsinsimgr ok psc petivatasrbyide ge ofith e pelagemtcompyisingi Big, radheing yqsentamd
anmount i ndi ect AL i p
o1 mal s e R B 6 380 & B SRR hAEbr A IR M ut B B Bl o
el ect rcalbedind@Po$ithe GieschOOh@htibi, efher &dlitjon thapmsihertheiseducingr aphie Kethet i on
is high purity deionized water such as that ]
comprises an amount of pH adjustor, an amount of complexing agent, an amount of surfactant, or
combinations thercof. A list of suitable reducing agents for embodiments of the present
invention include, but are not limited to, borane, borohydride, hydrazine, hypophosphite,

aldehyde, ascorbate and mixtures thereof.

[0027] In another embodiment of the present invention, providing the oxide surface includes
providing an oxide such as, but not limited to, SiO,, SIOC, SiOCH, SiON, SiOCN, SiOCHN,
Ta,0s, and TiO,, and the oxide surface is immersed in the solution to activate the oxide surface
for a time from about 30 seconds to about 600 seconds at a temperature from about 10°C to about
95°C. According to a more preferred embodiment, the oxide surface is immersed in the solution
to activate the oxide surface from about 60 seconds to about 180 seconds at a temperature from

about 50°C to about 70°C.



typically used for manufacturing sem conductor devices. The addition of
water to the solution can provide one or nore effects. In sone instances,

t he presemoeo®iossise water can aid in dissolving one or ROTASEF0SIBTES77
conponents added to the solution. For sone enbodinents of the present

i nventGase DagkieterY @#308be i nvol ved in one or nore chenical reactions

i nvol ving the binding agent and the oxide surface. CGenerally, the anpunt of

wat er dt SO|UtIO is selected so as to nake the sol ution

ef f ect[ﬁ&%?f or a‘i‘trﬁxﬁéP?%g) fithe PERFReN¥EHIORCS. anF?J?Ct’é%‘H?eg%‘ﬁ%d tCaP MOMe
presentadeyangi PRvhetdicRTMRWRbwATa &ﬁ%ﬁh BRKQSodReAtRREI LiBARiAPEEY RPI6 P t he
total volune of the solution. For her enbodi ments of the present

i nventelastronic evead 00 tacafrdingtte oneaiobsdiopnt eﬁmetm@anainamtlono(}Elocﬁtrctnhed@xocteal

Y ovamiofiopfsR o Mletlic bate o GERE %G wRE R G PRA! 1AL et e BPEET™

conpoRpbditiciNaamiet 190 QherBically béddRE viith 3088 kurfacernaslahi P:Eémlcﬂ\ﬂ’gt Béndzalwitd e
sol vent from about 70 wei ght ‘percent to 95 wei ght percent, binding agent

f r om &Bgbyst @%amﬁmalé@iﬁééﬁ*ﬂ el@@@b&ﬁmdemﬂmq;lmat%‘ésﬁé%@}t and water from
about 1 weight percent to about 20 weight percent. [0021] In a nore

speci fic enbodi nent of the present invention, the solution to activate the
oxi de [6029] aceltishculd @e&o%attﬁdtyﬁé diagapOurg COfRiok diavch @ spalk] atkird Bpedigadynd
from about 0.01 liter to about 1 grarrll iter, water-sol uble soI vent

conpr ithg clalieﬁﬁe@iﬁwélmtfb%@ thd theghickpensto W@%l@ﬂtar%@%%@fat?‘bf@ﬁ I raging.-
per cendy thainfill nﬁieacg%g%m %Bﬁgb?'gﬂgwé%le%lrgﬁéy&bﬁ% o0 ﬁh%]}@ohl% 1 erPfli‘zt@QQ { 0.5

wei ght percent’ to t ercent wat er
per cengpfild n&ﬁnaiutlt QGO\kxeuglldbrsmdcthmtthls [10 62 Bptidtofor anoic eerbodmbols ufs’rhb pmésehihe

pr esent |nvent e solution includes a |nd| a e t. havi n ener al
f or mull&VPEPLRE mgwwm irgchgiieqﬁa&@a mﬁ‘é 13&& gy efi.aﬁanxn 1%1@

funct 'aﬁ&%rtﬂér%’@céé@ﬂ@%@lu@és &&ﬁﬁ[bt@ggatpﬁﬁ Cﬁﬁlm‘fﬁﬁﬂlerb%ddl‘é@tahl Eﬁlﬁ‘wr?ﬁ{ algyst;
R-Ois the functional group capabl@ of forming the chem cal bond with the

oxi de pseschitaeelan@rirgl axiagesy astedom b dahasc@ne meBdsatiDo siketureYO8008 3. A
preferred enbodi nent of the present invention has X conprising one or nore
pol ar groups such as, but not limted to, am ne, imne, epoxy, hydroxyl,

car boxge3sogar bewydrable, binbdes Ph@icempabasphapAtal r&dtib® P ddict PP RSk stion of
carbonate, bicarbonate, or conbinations thereof. Preferably, R is an

or ganiogidgrsgtfaces Lichands: reactiniay] |catgbt§tj B Qwith rbiding agant.al ko Ripdmesgpntdas theas
met ho t r e
or esek{(\é : %VQ%I}&%”&QMH%WhM s{“B&%‘ eé) n%ziﬁ‘\ {1{11 %r %{b%d snée@hlcgél}al %ﬁ?upno i
|'i m t edpdbds ofrBirimingythe ahbdics b@rtcbwuhwatamd mmnﬂw @ats |acfaﬁcttdner gotip anghbknof
conpri ses one Qr nore groups such as, but not limted to am ne
forming the chemical bond with oxide surface 115, O is oxygen; and n is 1, 2, or 3. Preferably,
dielectric oxide 110 comprises an oxide such as, but not limited to one of SiO,, SiOC, SiOCH,
SiON, SiOCN, SiOCHN, Ta,0s, and TiO,. Catalyst 120 includes one or more metals such as,

but not limited to, palladium, platinum, ruthenium, copper, silver, rhenium, and mixtures thereof.

[0031] For some embodiments of the present invention, metal layer 140 includes one or more
elements such as, but not limited to, copper, cobalt, nickel, tungsten, phosphorus, and mixtures
thereof. For applications such as copper metallization, metal layer 140 is preferably copper or a

diffusion barrier for copper if a diffusion barrier is needed.

[0032] For some embodiments of the present invention, binder 130 has a general chemical

formula O, ,MX, where O, M, X, and n are defined as supra. According to a preferred



i mne, epoxy, hydroxyl, carboxy, carboxyl ate, phosphate, phosphonate, and
conbi nations thereof. In another preferred enbodinent, R is an alkyl
group, Mwe2idasesn, and X is an al kyl am ne. [0023] Anotrherisaapasts7of t he
present invention is a nmethod of fabricating el ectronic devices. According
t o on&asebagkeen 04108 he present invention, the method includes providing
an oxi de surface, exposing the oxide surface to a solution to activate the
oxi de syrface for electrol ess deposgjtion_ of netal, and. el ectrol ess
deposicfoRgmaeniebinfer APesomyHisgs @é@%ﬁ@ké&rﬂ@%ﬁ%ﬁeﬂwﬁf gige, eméys@rfiﬁ%@fycsn to
act i vahfokecd¥d:dfats USRS, SHBEHRAbabl ¥ormBfaB o REPOS tdnBihcARF ARSI
essentially the sSane properties described for the solution presented supra.
| n gererbatimanteths diindingngers wed iferavktaining bixidere 13 ifchsles &angsr ans eyl groapount
of bindi ng agent substanti al as presented supra. The binding agent has at
cast e BRI ShErORRBEYS oL fs T e TRr Ty cas MR sl eq supr & “capal e of
formng a chem cal bond with the oxide surface and has at |east one
functional group, substantially as presented supra, capable of formng a
cheri d8#33bondEmbediments afghapspsant invgntopmay sndled kipdydidRear, pobmecrggtwarkon t o
activ t | I e _CONpE . I Ver

subst Aty EAE B BE G- SRRRSE Ry RRisBTRhe Blorkh Bl BEABN: PP,
pr esenited] Borsavithoddjrpubihdiaf apérigibaghagehtmivdhg baadhtdkd the asidersageay etk
supra, and_an anmpunt of water substantially as presented suEra. [ 0024]

Addi t i20iPabibBivh caPiREINE Seett supl apre dkakypikEmine slangcrittrenalkerst aoEPOFAN
fabri i t i i i i1 Lvate the oxide
s T 2 B L e R A bR b 2 Ravi mg
each of the conpositions presented supra used in a different enbodi nent of
the nethod. Since detailed descriptions of conpositions_are presented

supr a,10034dy win theneregomng apseticadommdhe ipvntiondag dser idssaribad ofithheafprsace to

enmbodi ] e [0} i ket 1. Y080 5 .
oot o TS etfoolifefl IR leP B (B brlias KRACE ineYAR P& Tnal Narigus
el ect mddSaltipndepdseiahge tde boemade Wathent deedrtihderaactthy afcept oXitde meschiace

is acconpl.ished b l.aci ng the activated. oxide surface into _an el ectrol ess
pl at i AveaEPY @p éﬁ.%ﬁfﬁéﬂ Arcedpin %W-pﬁ&@?lﬁ*ﬁl%wﬁ% ﬁﬁﬁelf?%ﬂ%ﬁ figiisy a&btole o

forma %ﬁ‘#&&ll in a%ll%&ra@i!vé %fherotﬁal{r?tfe%{ric(fﬂig@&?sie} gd dil mchm&%nQBresiH{ehM e
? | s s of the

nmet al for enbodi nent present 1nvention iInclude, but are not

| i m t edbt oclwloppethin tebadic, ofthacprebent oobatidn.t ungst en, cobal t tungsten
phosphorus. Descriptions of electrol ess deposition processes suitable for
enbodi ments of the present invention can be found in US Patent 6,794,288 to

Kol i cqoe35)2al - BanditdJStRab@&ntded hnd sOGBod o fRbU1ERs BEvelcen HBRribOMbEReSvif al |

of these patents are incorporated herein, in their entirety by this
r ef er aéegsed tq spegdedenabodimentpe oo ver, the benefits, advantages, solutions to problems, and

any clement(s) that may cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential feature or element of any

or all the claims.

2% &< bR | LU B

[0036] As used herein, the terms “comprises,” “comprising,” "includes," "including,” "has,"

"o

"having," “at least one of,” or any other variation thereof, are intended to cover a non-exclusive
inclusion. For example, a process, method, article, or apparatus that comprises a list of elements
is not necessarily limited only to those elements but may include other elements not expressly
listed or inherent to such process, method, article, or apparatus. Further, unless expressly stated
to the contrary, "or" refers to an inclusive or and not to an exclusive or. For example, a condition

A or B is satisfied by any one of the following: A is true (or present) and B is false (or not

10



may al so include rinsing the activated oxide surface using a liquid that is
substantially free of species such as ions and such as conpl exi ng agents.
For sone wobtoaiasersts of the present invention, the rinseCrag208/087877
acconpl i shed using a high purity deionized water rinse. [0026] According to
t he pKé@@ﬁkwkﬁvé%§%Q9$ anot her enbodi ment of the nethod of fabricating

el ectroni c devices further conprises rinsing the actlvated oxi de surface

with a solution conprising a red ng a ri eIe trol ess
deposiPIFSAgt Aes reparon %ﬁ}@gese wﬁc%ﬁ Wg Torenfy @ bpthy fheindciapadrug (ki de
surf agg.quhh the solution conprising the reducing agent is performed for up
to about 60 seconds at a tenperature of about 100C to about 950C. For sone
enbodi ments of the present invention, the solution conprising the reducing
agent further conprises an anmount of pH adjuster, an anount of conpl exing
agent, an anmount of surfactant, or conbinations thereof. A list of suitable
reduci ng agents for enbodi nents of the present invention include, but are
not limted to, borane, borohydride, hydrazi ne, hypophosphite, al dehyde,
ascorbate and m xtures thereof. [0027] In another enbodi nent of the present
i nvention, providing the oxide surface includes providing an oxide such as,
but not limted to, SiA2, SIOCC, SiOCH SiON SiOCN, SiOCHN Ta205, and

Ti @2, and the oxide surface is imersed in the solution to activate the

oxi de surface for a tinme fromabout 30 seconds to about 600 seconds at a
tenperature from about 1Q0C to about 950C. According to a nore preferred
enbodi nent, the oxide surface is immersed in the solution to activate the
oxi de surface from about 60 seconds to about 180 seconds at a tenperature
from about 500C to about 7Q0C. Case Docket: Y08008 [0028] A third aspect of
the present invention is an electronic device. Reference is now nade to
Fig. 1 where there is shown a diagramof a cross-sectional side view of a
portion of electronic device 100 according to one enbodi nent of the present
invention. Electronic device 100 conprises a dielectric oxide 110 havi ng an
oxi de surface 115, a catalyst 120 for el ectrol ess deposition, a binder 130
chem cally bonded with oxide surface 115 and chem cally bonded with

catal yst 120, and a netal |ayer 140 electrol essly deposited on catal yst

120. [0029] It should be noted that the diagramin Fig. 1 is not drawn to
scale. More specifically, the thickness of catalyst 120 and the thickness

of binder 130 are exaggerated for illustration. Furthernore, the diagramin
Fig. 1 shows electronic device 100 having netal |ayer 140 as a gapfil
metal. It is to be understood that this is an option for some enbodi nents

of the present invention; other enbodi ments may include having netal |ayer
140 provided as a non-filling | ayer

11



and further processing includes conplete gapfill. Still further, the

di agram shown in Fig. 1 presents a planarized surface so as to forma
damascenewoeb@ldsszat i on structure. [0030] Preferably, bipoaars2@3088enpri ses
a chem cal reaction product froma reaction of oxide surface 115 and a

r eact i(gse lockelt aY §&108120 with a bindi ng agent. The bi nding agent has the
general fornmula (R1-O4 MXn where Mis silicon, germanium or tin; Xis a
functional group capable of formng ihﬁgghenical bond with catal yst 120;
R1-O is a functional group capable GFA m ng the chem cal bond w th oxide
surface 115, Ois oxygen; and nis 1, 2, or 3. Preferably, dielectric oxide
110 conpri ses an oxide such as, but not limted to one of Si 2, SiCC

Si OCHWBItN\cla®1adGN, Si OCHN, Ta206, and Ti Q2. Catal yst 120 incl udes one or
nore netals such as, but not limted to, palladium platinum ruthenium
copper, silver, rhenium and m xtures thereof. [0031] For sone enbodi nents
of the. pK es181én 10N RAtE @R ox i sdtfadedyLElcdiffleds iehaLitash, BlRSoRftioRbMApELAFENT S
such as, but not limted to, copper, cobalt, nickel, tungsten, phosphorus,
and mi xt ur &8 anteepeeff watfioyolepp boleenti ons such as copper netallization, neta
| ayer 140 i opper or a diffusion barrier for copper if a

di ffusion §§FE%§%R$§BE%%%ed. [ 0032] For sone enbodi nents of the present

invention, afidneteint b8Bitias: agcpenevial ac el 6@ fuhofionsl gréipicaphblo ofter®in®, a M

X, and_n are defined as supra._ According to a preferredCase Docket:; Y08008
embodicheintcal bpdierith 8 evdprsutface and haxme Hnlgask snpyriéans! gagupe canagienal
epoxy, - . . r . , phosphate, phosphonate, or

conbi nf%@(lgég)&%{ %lrcg%&h(aﬂﬁ%ﬁ%tcﬁgw{ﬁ%g?erred enbodi ment, the bindi ng agent
used for obhanwungofovateder 130 includes RL as an al kyl group. Also for
preferred enbodi nents of the present invention, Mis silicon. [0033]

Enbodi nents of the present invention may include binder 130 as a pol yner
net wonk. THNG [RYnYdRaiReT Woldfcif afe RAtRSSIABR! JoBREH s mUyRIBLAd] RemALRRL S
that are capable of formng |ateral bonds wi th adjacent binding agents that
have ehemiitrdk] alcahiol,acmegture théreofoxi de surface. As a possibility, a binding
agent such as an al koxy-al kl yam ne silane with three al koxy groups can bond
wi th oxide surface 115 and form a pol ynmer network of silicon oxygen bonds.
[ 0034]3. | Thet utionr @881 NOwISRERI of dobrdel B thet dARilY B YEN bl S0 BEIhd] @ $dtinRed
with reference to specific enbodi nents. However, one of ordinary skill in

t he arcpm@ppidect authwniumatcopmorpds anethpel camponed, apcdsilyharrgeworath berhgpigm

Wit ho t] scope of the present invention as set forth in

t he cﬁéﬁﬁggﬁéP%aﬁmi%§g$%?ﬁ§|y, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and all such
nodi fi cations are intended to be included within the scope of the present

i nventd oke solution claim 1, wherein the binding agent comprises mono-alkoxy silane or = di-alkoxy
silane and at least one member from the group consisting of an amine group, an imine group, a

carboxylate group, a phosphate group, a phosphonate group, and an epoxy group.

5. The solution claim 1, wherein the oxide comprises at least one of SiO,, SIOC, SiOCH, SiON,
SiOCN, SiOCHN, Ta,0s, and TiO,.

6. The solution of claim 1, wherein the catalyst is added to the solution as a compound in an
amount from about 0.01 grams per liter to 1 grams per liter, the amount of water-soluble solvent
is 70 weight percent to 95 weight percent the amount of binding agent is 0.5 weight percent to 10

weight percent, and the amount of water is 1 weight percent to 20 weight percent.



[ 0035] Benefits, other advantages, and solutions to problens have been
descri bed above with regard to specific enbodi nents. However, the benefits,
advant ages 0 2@la86i3ons t o probl ens, and any el ement (s) tirat/usagos8nsIssE any
benefit, advantage, or solution to occur or beconme nore pronounced are not
to be (gendlacketd ¥88MW3critical, required, or essential feature or elenent of
any or all the clal ns. [0036] As used herei n, the ternms "conprises,’
"conpr,j iﬂ L des " "includin "havi ng,". "at Ieasa one of,

"0

or an 01%% £ ¢ %‘Hl {nehasn a %%9% t%lhf‘d &adaltf%t 18 gyRaladjupmospranoung apg dhe
i ncl uskRRint £016%RFR e Lir B PSERS pefBich A wach-k&lLiBle sBveRIPR ﬁftﬁétﬁ?lsﬁlhﬁ&ttde

conprises a listof elements Ts not necessarily limted only to those
el enennd thgt amaynti rmcll@devemgh’uepereetténmwt% weight xperesd] yhd ilendidg oagennhierant to

such RY oce net ho article a Furt he nl e essly
ot at el oo e iahg 30 i Fhoufl s SRBR! B Feie ferrR! e buET R BFent
excl usihy eheOdmoun®bf R¥RIR! Boudl oM hdr&ht fb MoubB20 %/eﬁght p&témd by any one of
the following: Ais true (or present) and B is false (or notCase Docket:

Y08008 present), Ais false (or not present) and Bis true (or present),

and bat i B0gkoB RLEL1USH G B SREM 4 CRSG RCkELL YOR0DB CLAI NS What 'i s

clainmed 1's: ibn 1o activa oxi or electrol ess
deposi(Ri-on, ,MKXgwaedeut i on conpri sing: an anount of vvater-sol ubl e solvent; an
anount of catalyst; .an anount  of binding agent having at |east one
functional groupéapiee LHMAMBIMAGNE chem cal bond with the oxide surface

and having at | sagtnORChiRe L RRthpOPrAARRRhe Rl EAThAG GOEmcal bond

with the catalyst; ana wat er e solution o

wherei n t he wat &;- @qﬂ uhbtﬁmﬁohat@mup @pabloef forhmsng ﬂhe)chdemalftmndamﬂdmp oxide
acetonitrile, al cohol m xtures thereof. 3. The solution claiml1,
wherein a sour cSUHC, pr}éoéiﬁe&t is a palladi um conpound, a platinum
conpound, a rutheghumganpound, a copper conpound, a silver conpound, a
rheni um conpound, or mxtures thereof. 4. The solution claim1, wherein the
b|nd|ng agent conpri ses nono-al koxy sil ane or di-alkoxy silane and at Ieast

car bogy 3t BB L HhRLE, BT G g e hag ioRatis. shuu R B EReYy

group carboxylate, phosphate, phosphonate, or combinations thereof.

10. The solution of claim 8, wherein X, comprises, sulfonate, boronate, carbonate, bicarbonate,

or combinations thereof.
11. The solution of claim &, wherein R, is an alkyl group.

12.  The solution of claim 8, wherein (R;-O)4, comprises methoxy, ethoxy, propoxy, or

combinations thereof.
13. The solution of claim &, wherein (R;-O),, comprises methoxy, ethoxy, propoxy, or
combinations thereof and X comprises amine, imine, epoxy, hydroxyl, carboxy, carboxylate,

phosphate, phosphonate, or combinations thereof.

14. The solution of claim 8, wherein R, is an alkyl group, M is silicon, and X is an alkylamine.



5. The solution claim1, wherein the oxide conprises at |east one of Si Q2,
SiOC, SIiOCH, SiON, SiOCN, SiOCHN, Ta2Cb, and Ti Q2. 6. The solution of claim
1, wher eiwotzh@/met3al yst is added to the solution as a cecpasaesios7san anount
fromabout 0.01 grans per liter to 1 grans per liter, the anount of

wat er-%ﬁllilﬂcléets&g@@% is 70 wei ght percent to 95 wei ght percent the anount
of binding agent is 0.5 weight percent to 10 wei ght percent, and the anopunt

of water js 1 weight percent to 20 wei ght _percent. Case cket: YO08008 7.
The- sdbut TBnsabtian e R b PRt 5 of PHer i sy Ak i%eﬂ ﬁé%aofpfglﬁ Al um

conmpoypf,gnd the anount is 0.01 granms per liter to 1 granms per liter, the
wat er - sol ubl e solvent is dinethylsul foxide and the anmount is 70 wei ght
percent to 95 wei ght percent, the binding agent is an al koxyal kyl am ne

per conf. Smaen 2T MG e <o e HE o Bifeent o about 20
wei ght per gealiding an bRRIcS@HEd on of claim 1, wherein the binding agent has
the general formula (R -0) 4 nMXn where Mis silicon, germanium or tin; X

i s the funcxpomeg thy exige capags & afsofuwsioni tegadtivatectherixi¢d swéisd f checirpless
catal yst....Rl-Q s t functi r .orm ng the chem cal bond
wth td%éo%t%n doge I{sl?q}?]f g%es,o Hla%%lst(?g%blﬁentgygﬁ@gﬁ%?%%fs@?&gg 3. 9. The solution
of claim 8, wherein X aoupf ofSegcaddlutde sdldnie, epoxy, hydroxyl, carboxy,
car boxyl ate, phosphate, phosphonate, or conbi nations thereof. 10. The

sol ution of clai m8, ausELEPHoDGtadwHpri ses, sul fonate, boronate, carbonate,

bi car bonate, or conbi | . . i i ein
Rl is an al kyl group -aﬁ%iﬂ-o?&} Oeftﬂs}%#lﬁ?%%er? ¢ (ﬂ)l?v%?gtl 1?}19% ,HL%I\EIG]]‘I’C fe?gn}la? %@f 53‘ &ﬁﬁaﬁi\@&‘
conpri ses net hotyrmieg hakymicpl legmdxyith e ogaiviurfatd odshatingrae tfast ohd.furidtienal

solution of claimS8, rei R1- O 4 conprises t hoxy, ethoxy, propoxy, or
conbi nati ons. t nEuBTCARe Rt E%é’?ﬁ?% el Rand i {BS s Andy o oxyl
car boxy, carboxyl at e ,RRRsRN&E BatcPBR$PhONat e, or conbi nations thereof. 14.
The solution of claim8, wherein RL is an alkyl group, Mis silicon, and X
i s an al kylckeirnksadepdBitiget metyDIgPO B vEbthe Bhievated artidosurtske.cl ai m 1, wherein
t he anmount of water is | ess than about 10% of the total vol une.

17. The method of claim 16, wherein the water-soluble solvent is dimethylsulfoxide, formamide,

acctonitrile, alcohol, or mixtures thercof.

18. The method claim 16, wherein the binding agent comprises mono-alkoxy silane or di-alkoxy
silane and at least one from the group consisting of an amine group, an imine group, a

carboxylate group, a phosphate group, a phosphonate group, and an epoxy group.

19. The method of claim 16, wherein the binding agent has the general formula

(R;-0)4.,MX,, where
M is silicon, germanium, or tin;
X is the functional group capable of forming the chemical bond with the catalyst;
R ;-0 is the functional group capable of forming the chemical bond with the oxide
surface, O is oxygen; and

nis 1, 2, or 3.

20. The method of claim 19, wherein R; is an alkyl group, M is silicon, and X is an alkylamine.



16. A nethod of fabricating an electronic device, the nethod conprising:
provi di ng an oxi de surface; exposing the oxide surface to a solution to
activat e wbeoenisasosur face for el ectrol ess deposition ofCwatsalos/osTse?
solution to activate the oxide surface conprising an anount of water

sol ubl(ase Hlogkett , YAH0Bnhount of catal yst; an anmount of binding agent having
at Ieast one functlonal group capable of formng a chemcal bond with the

OXIde ace Vln Ieas functlonal rou capabl e of fornjng a
cheni & tﬁxﬂf HP ng Tosply aleRnitn ot @rlayeaﬁaereﬁheéfemt@sg y
depos 'o&id%%u?faé@%o%pﬁs%y ﬁfacﬁ’%Qﬁe Eaﬁfa%ﬁtdx‘i’&t s%?'fa@é‘in@(?a@ E’l"eét?(ﬁ@ss pjre?un Tihen fahod

of claim 16, wherein the water-soluble solvent 1s dinethylsul fOXIde

f or mare fem ametabmidtalidliey, eirghlalompositeri xt ur es t hereof . 18. The method cl ai m
16, wherein the binding agent conprises nono-al koxy silane or di-al koxy
silane and at | east one fromthe group consisting of an am ne group, an

I M ne 2qr oPRe ndet BO¥MIAL K, TR, cotn ﬁﬁﬁhﬁéﬁ%gﬂﬁu&nmﬁmpaﬂé@@QﬂakewﬁﬁQ#p
and an epoxy group. 19. The nethod of claim wherei n the bindi ng agent
has t telugjenepmprifing AuecicinRiageil)pripr tvlactigessly deppsjting thegugtal lggatmani um or
tin; Xis the functional group capable of form ng the chem cal bond with
the catalyst; RL-Ois the functional group capable of formng the chem cal
bond 3t hThd ecthoidds duinf a6efurtbet Sorﬁffrygﬁgl nnalﬁg the astivhted2oxi@¢ sdrfackOpridhed

met hod of cl aim 19, wherein RL is an al k group, Mis silicon, and X is an
al ky| shachielessiy demasiting;the vipsd dayen withrp, ée%tnﬁosel%lpncfpwmq@ouMQ PEORds at a

el ectr, e t o) rface
compr ' SEasle BPBBSH 10T, IOSPET XrCuabE el MIAE COUPHERe A dhoRit b
bat h seduamgt ageﬁtoanm fartlmtcamprmmg ah aaioluniyof pH aat]mtaﬂ, ag ampost dfeompRxingreenet hod
of claim 16, rther conpri sing the activated oxide surface wth a
SO|UtI%hMHBH$P @F%@“ﬁﬁﬁ%&ﬁ@g Weﬁgior to el ectrolessly depositing the

nmetal |ayer. 23. The nethod of cIa|n116, further conprising rinsing the
activated oxide surface, prior to electrolessly depositing the netal |ayer,
wi t h &4r éldhganethodof crinpmé.felrerelp thooxido surf80 componessatdtashone selected from the

group consisting of Si0,, SiOC, SiOCH, SiON, SiOCN, SiOCHN, Ta,0s, and TiO,, and the
oxide surface is immersed in the solution to activate the oxide surface from about 30 seconds to

about 600 seconds at a temperature from about 10°C to about 95°C.

25. The method of claim 16, wherein the oxide surface is immersed in the solution to activate
the oxide surface from about 30 seconds to about 600 seconds at a temperature from about 10°C

to about 95°C.

26. The method of claim 16, wherein the oxide surface is immersed in the solution to activate
the oxide surface from about 60 seconds to about 180 seconds at a temperature from about 50°C

to about 70°C.

27. The method of claim 16, further comprising rinsing the activated oxide surface with a
solution comprising a reducing agent prior to eclectrolessly depositing the metal layer, the
reducing agent comprising borane, borohydride, hydrazine, hypophosphite, aldehyde, ascorbate,

or mixtures thereof.



tenperature of about 1Q0C to about 950C, the reducing solution conprising
an anount of reducing agent and further conprising an anount of pH

adj ust er ,werro@mss2sd of conpl exi ng agent, an anount of seCTaSt@sg7SeT

conbi nati ons thereof. 24. The nethod of claim 16, wherein the oxide surface
conpr i(se Dickete 2503W¥e sel ected fromthe group consisting of SiQ2, SiCC,

Si OCH, SiON, SiOCN, SiOCHN, Ta2(b, and Ti 2, and the oxide surface is
irmerigd in.the solution to activate the oxide surface from about 30

seconds ¥ Hpdipnt ISSOBWYS"Et a tenperature from about 100C to about

950C. 25. Er@elg&hgggldgfhaglh%la%;@e Whsdein the oxide surface is imersed in
the solution to activate tRe oxide surface from about 30 seconds to about

600 seconds catalwt fempetratess éeposiionabout 100C to about 950C. 26. The net hod
of claim 16, ereint oxj de .surface i dlnthes n,to
Sctivate ¢RI berdish Ppdroe St B fb it iPe ibimical tobdihidha: a
terrperaturehgémgbmt 500C to about 7CDC 27. The nethod of claim 16,
further conprising rinsing the activated oxide surface with a solution
conpri si ng aametaldaxdreéectiglently genasited on diceetalyst-essl y depositing the netal

| ayer, the reducing agent conprising borane, borohydride, hydrazine,
hypophosphi te, al dehyde, ascorbate, or m xtures thereof.Case Docket: Y08008

28. An9elTdetetrirbsic dlevice ef claimp i siigeinahdb@bacdompeisexa dl&nhaa/lirwnaﬂ peodude
surface a catalyst for electrol ess deposition, a hinder chemcally bonded

with t Wéﬂ a ir%ﬂcté@rt Pf the gxidgsudpgerande Tapioniod thecgrtal xﬁt BoWcekinding ALem é‘a%l&g ey st

and a Laygrrelsc gl ly deposited on the catalyst. 29. The
el ect n| c 8eV| ( b#ﬁ €l a??n ge wherein the binder conprises a chem cal

reaction pr oductMﬁsmmcm geachiwn ooftint he oxi de surface and a reaction of the
catalyst with a .agent haV| e ner al for O n wher e
Mis silicon, gf? ngfgrppp]cagq esogz} ‘f’%ﬂ&lﬂileo‘?]i]ﬁmliﬂ ‘g’RéétEﬂ) Stf or mi ng
the chemi cal fl@!-(%st J‘ﬁﬁl@ﬁo&@%@uﬁ%ﬁ ab'?é—o@ohﬁm% tﬁé‘&i&ﬂl@ﬂ%n@%@ﬁl%@é‘ﬂa@' e of

formng the chemcal bond wt oxi de surface, Ois oxygen; and nis 1,
2, or 3. surface, O is oxygen; and

nis 1, 2, or 3.

30. The electronic device of claim 29, wherein the oxide comprises at least one of SiO,, SiOC,

SiOCH, SiON, SiOCN, SiOCHN, Ta,0Os, and Ti02.

31. The electronic device of claim 29, wherein the catalyst is palladium, platinum, ruthenium,

copper, silver, thenium, or mixtures thereof.

32. The electronic device of claim 29, wherein the metal layer comprises at least one of copper,

cobalt, nickel, tungsten, phosphorus, and mixtures thereof.
33. The electronic device of claim 29, wherein the binder comprises O, ,MX,,.
34. The electronic device of claim 29, wherein the binder comprises O, ,MX,, and X comprises

amine, imine, epoxy, hydroxyl, carboxy, carboxylate, phosphate, phosphonate, or combinations

thereof.



30. The el ectronic device of claim?29, wherein the oxide conprises at |east
one of SiM2, SIOC, SiOCH, SiON, SiOCN, SiOCHN, Ta20b, and Ti . 31. The

el ect r oniwoadewiose23of cl aim 29, wherein the catal yst is palritsdeosmg7spt ati num
rut heni um copper, silver, rhenium or mxtures thereof. 32. The electronic
devi c&as¢ Dyicketm YO800Rherein the metal |ayer conprises at |east one of
copper, cobalt, nickel, tungsten, phosphorus, and m xtures thereof. 33. The
el ectraonic device of clajm 29 erein the bjnder conprises 0 4_nMXn. 34.
The elR8ctisficeraig dedcop ehi %Vzgg}er%&éwp% ¥ BP¥ier conprises 0 4_nMXn
and X conprises amne, imne, epoxy, hydroxyl, carboxy, carboxylate,
phosphat e, phosphonate, or conbi nations thereof.Case Docket: Y08008 35. The
el ect Bonilheabeiramcdtvict af cmi2929 whterain theRiinde campabdsyd padyroeqmet86rk. The

el ectroni c device of claim29, wherein the binder conprises a polyner
network. 37. A nethod of fabricating an el ectronic device, the nmethod

conpr 331 NOmeMo@ i HbRBatdiy Axdl@rontt dRER; thHRABINE AR de surface to a
solution to activate the oxide surface for electrol ess deposition of netal,
t he sol uti emovidingenjowicsutthes; oxi de surface conprising an amount of binding
agent having_at |east .qne functional group. capable of . formn hem cal
bond wi th Checdnd FELuRT S ol RaDludholsRr R S P SR P R
capabldep&¥itidrosMind@l, ahe b tfiigiato LoiRekewhd Bxide Satfadey@hiprdiig & &6dundlo€ d&ldyng

depositing a netal |ayer over the activated oxjde surface. ) )
agent having at least one functional group capable of forming a chemical bond with the oxide

surface and having at least one functional group capable of forming a chemical bond with a
catalyst; and

electrolessly depositing a metal layer over the activated oxide surface.



