ACTIVATION SOLUTION FOR ELECTROLESS PLATING ON DIELECTRIC LAYERS
CROSS REFERENCES [00011This application claims benefit of U.S. Patent Application S/N
61/016,439, Docket No. XCR-010, titled "ACTIVATION SOLUTION FOR ELECTROLESS
PLATING ON DIELECTRIC LAYERS" to Artur KOLICS, filed 12/21/2007. U.S. Patent
Application S/N 61/016,439, filed 12/21/2007, is incorporated herein, in its entirety, by this

reference. BACKGROUND [00021This invention pertains to fabrication of electronic devices
such as inte /GTRY ATION: S@PU@!}@HWQ&%E&MW?&&@? Wﬁ&%ﬁ%@%&éns
for activation of dielectric oxide surfaces for clgcyeigrg plating for electronic devices.
[00031Electraless 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. Electrolcss deposition processes can readily

proceed on certain catalytic surfaces. U i gaces are metal or metal
activated dielectric. Numerous process d for producing catalytic activity
on dielectric surfaces for electroless deposition. In many ways, the known processes provide

satisfactory results, Howewver,.some.of the known proc RIS Sompley,RNg1 7Y, 8. BSocket
practicaﬁﬁﬁianu%é‘&u‘i'*ﬂ?g‘&glg?aﬁgﬁ%l.s ite lgrogrﬂc[)ab éfﬁ%sgttsha@ome known processes are

slow aniNBAK(RaEESS tithaé s AT HOW oSO IO a A FlduTRQlRS opeatiNe ON
SUMMARY, 5CTRIC LAYERS” to Artur KOLICS, filed 12/21/2007. U.S. Patent Application S/N

61/016,439, filed 12/21/2007, is incorporated herein, in its entirety, by this reference.
BACKGROUND

[0002] This invention pertains to fabrication of clectronic devices such as integrated circuits;
more specifically, this invention relates to methods and solutions for activation of dielectric

oxide surfaces for clectroless plating for electronic devices.

[0003]  Electroless deposition is a process that is frequently used in the fabrication of
clectronic devices. The process is particularly important for applications requiring deposition of
a metal layer onto a dielectric substrate. Elcctroless 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 electroless 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

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



one or more unexpected improvements in the solutions used for and methods of fabricating
electronic devices such as for fabricating semiconductor devices that use integrated circuits.
One or more embodiments of the present invention have been discovered to produce a major
reduction in the processing time for activating an oxide surface for electroless deposition. This
improvement in processing time can be achieved while maintaining satisfactory properties
such as adhesion of the eleetrolessly deposited metal to the substrate. [000510ne aspect of
the preseanicirremiion imexpaiteaiomipractivetés an tdektidacaifod dbecinolesstbieposttifbiiaing
metal lay gL AGRIAINGLO Nt eUIBPHIMERLA! 5 RIRRNLNYERIANA MG SIHIRN CRTIRIES B
amount of binding agent. The binding agenthas at least one functional group capable o
forming PEHBRfCENIEENORIS tRE Biideresgrfadevanidonabaae |baen otischyseaibrial piasinscapatsior

of forming.g,eh6Mis3hO BRL Wil 2 £atAyS L AR NGI ASRER AINA RIRIER ABYERHOR 15rfis

method of fabricating electronic devices. According to one empodiment of the present
invention A KSR IR FSEE Sime rgrabr el vsdridiils manseinperebigosummapstiss such

solution g aghiyatm iR sudace Jniesdalasseerositiaref metal, and electrolessly
depositing a metal layer over the activated oxide surface. The solution to activate the oxide

surface comprises an amount of binding agent. The binding agent has at least one functional
group cafdes] of fdmingrahefriealpbsent ilivetienxide sltiiee anadchiasahieasidnsurface for

functional,group capable of formin hemical bond wijth a catalyst. [00071A third aspect of
the presg T S L0 h S A e. AR MAG T & DA A ASPb Lo,
inventiorththsokieetromitpdesdca eommprisddmdiedegrit. oXlsebhabimgp gemoikad @ tduafkhoae dunctional
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catalyst. $0008d%Pab!rob éoumir stlounigal bhedminacatibysiot 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 [0006]  Another aspect of the present invention is a method of fabricating clectronic devices.

According to one embodiment of the present invention, the method includes providing an oxide
surface, exposing the oxide surface to a solution to activate the oxide surface for electroless
deposition of metal, and electrolessly depositing a metal layer over the activated oxide surface.
The solution to activate the oxide surface comprises an amount of binding agent. The binding
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 clectronic 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



practiced and carried out in various ways. In addition, it is to be understood that the
phraseology and terminology employed herein are for the purpose of description and should
not be regarded as limiting. 100091As such, those skilled in the art will appreciate that the
conception, upon which this disclosure is based, may readily be utilized as a basis for the
designing of other structures, methods, and systems for carrying out aspects of the present
invention. llls important, therefore, that the claims be regarded as including such equivalent

constructibhdeimsiniipgs ehpjoredniatreiapart foo theparsphdtfrdeseinpionprde relertifoangioded
BRIEF Dg%tgglON OF TIIE DRAWINGS FIG. 1 is a diagram of an embodiment of the
present invention. 100101Skilled artisans appreciate that elements in the figures are

illustrated for simplicity and clarity and have not necessarily been drawn to scale. For

example [60@93imensiRnsnotirad skafdneralementainaiielioieanndy benexaaaeraies valaliveis

to other elements to help to improve understanding of embodiments of.the pregent invention.
Descm@W@&lrfomﬁﬁisfweﬁ?ﬁwpeﬁm e ABHIE dRVILESIFSNgaRti Ry SRy ctures,

metallizaghetheds, and systems for carrying out aspects of the present invention. It is important, therefore,
that the claims be regarded as including such equivalent constructions insofar as they do not

depart from the spirit and scope of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS
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
clectronic devices. The present invention secks 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.



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. [00121Embodiments 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 foll#¥3bn oPimecaipestiefigbtriprssrnttimesntidovievespivimnotbectindés stooekitiasurface for
embodimgpts in.acardanse Y e PIRRENtIBY SNKBRIMAREILSRY TRk ARk ?&{EOPO‘{'lQ??]%Hr%W as

devices, a variety of metal layers, and sémiconductor wafers other than silicon.
aspect oPtheqstaselhy randhabreilacsdratisridasieln dresatiaishmeerrsr cideetal@liey such as

depositiog,phi MEE AAYST-Ir U ARLaPrRBRFYsHS SIRBUE o tREBELAL IBY bk Hefinat ARG phorous.

electrically conductive layer that may be a metal element such as copper, a metal alloy such

as cobalt’ HiEREHEEJY, FaTRELAIEER RIsthE SRITH s EBRBodite Ui RAtRESEs 70 amount of
phosphotahdinpagerding (e amnsginenigehthespiasentony antition i esah ianbRBPisafing
an amount of bindin ent. In general, the binding agent has at least one functional up .
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group capathlenaédbtringvaitbhémicahlyend With thefaatd|yaibinlianpnefefrtd enebodimneaitafithee
present igyepiian. s solutian. comarises, Anamount ofwialer:soluble solvenlyan amouRt ot or
catalyst, an amount gf%lnoﬁng agent, and an amount ofl water. [(Slgﬁl]t}fccor Ing to pre?erre%l
embodimandéngfagratp redem dmmmtiof wiitersolution to activate the oxide surface is formulated
to activate an oxide surface compatible with silicon integrated circuit technology. Examples of

oxides fofppierierredh erpRRALTME prefBi-taepIRRBRLIY s nHRN RS gLk RIS BRL JBNItRR @ alicak

dioxide ($i02),.carbon doped silicon dioxide (Si0C), silicon oxide-based low k dielectrics, and
silicon oXfeSXHEREESACRTBIBIRI Qe SEEHNHEARBIRAT Ble fEHR JiEsRTe L farated
embodimgnigtofeitaglogsenBxuapliorohekides ot piefsatdrsitddidantabimhpemnigsideinvention
(Ta205) and titaniym dioxide (Ti02). Far.a preferred diment of the present inventior,.
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for use og. HpsRAtte .0xides and essentially any type of dielectric oxide typjcall din
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solubility for components dissolved in the solvent. In other words, embodiments of the present
inventiorP#éenad Stfetdimamtaany snaldenssrsiessilieationdarropipmevesipgiodiments of the
water-soflensalyRRk R RE (3RO RMiktuts ofdissieiad %ﬁi@éssghﬁol@s%wgwsanw}?% of

used. A list of suitable water-soluble solvents for some embodiments of the present invention
includes d5URSEIRSEifRiRse B st iy bR RS Rpsiated a8 onitrile, alcohol, or mixtures
thereof. Other water-soluble solvents suitable for

[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



embodiments of the present invention will be clear to persons of ordinary skill in the art, in
view of the present disclosure. 100161 There are numerous catalysts suitable for carrying out
electroless deposition. Preferred embodiments of the present invention use compounds of
catalysts known to be suitable for electroless deposition and catalytic sources dissolved in the
solution. Preferred embodiments of the solution to activate the oxide surface for electroless
deposition of the metal includes catalytic sources such as a palladium compound, a platinum
compourminoditiansuot the prpsum dy e moppetl tbenpearrtd persive pComhipernskil nhéwriam, in view
compour}qr,t%g;%gyﬁe(ﬁs@gg I%f. For specific embodiments, the type and amount of
water-soluble solvent are selected so that the solution is capable of providing an effective
amount of catalyst to the oxide surface to accomplish electroless deposition. [00171The
binding a8 for dRRSE AT REMSTONE SRANNSInREln Ein FEDENS O oHlectEpEshdgposition.
compositherEh kabakimeanyot fiei¢esstat thecalidaaskwdmpenatiobatgepyisdananledcbdauning:
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Binding agents may be selected that include different types of functional groups capable of
forming cerkieaPhoraxiding it edesi. ErmsHiRfearabBiht p%é}?fé%véwﬁpm nifyAegenpkigh
mixtures QEJifRIgNIpRARAT binding agents. [00181According to a preferred embodiment of
the present invention, the binding agent includes an alkoxysilane such as a mono-alkoxy

rﬂical bond with the oxide surface.

silane a h as.a di-alkoxy silane for forming the ch
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effective amount of catalyst to the oxide surface to accomplish electroless deposition. .
[0019]Preherzisn), hprd el thesvids sHEfassiutimike iy Hpueigthodiments watbe Srrasnisianention
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can provide one or more effects. In some instances, the presence of the water can aid in

dissolving'BREdr A8t BitthdheofAgbrentCrtaedi oUBRIASHIEIMBBRE SffsEdENMM dngtude
the presanfirventipes valeicimsabe duye vashbleuTeraimhip eHehdabaCabraasten shinvRiyngithee.
binding agent and the oxide surface. Generally, the amount of water added to the solution is
selectoc S5 UE REReTHE L5108 5K Eabt, PO HUTIRE S tle SRR 155 W ferable of
embodinfiemisngf chenpicesbonda weitttithre, taekgsno Enaddiratatsnofikies prpstes 3 thani el auty26136 afe
the total volume o solltjt[ion. F er emb&tjiments of the present invention, the amount

of Waterr\{r#gtuemssuoé %Q?grﬁ?ar?, g%%%%‘i%t&ngfa Aie total volume of the solution.
[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



[0020]According to one embodiment of the present invention, the solution to activate the oxide
surface includes catalyst compound from about 0.01 gram/liter to about | gram/liter,
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
compounadyomchibutdGOhilpampditergeoaizoot Ingranviitef, distenibolyvlesgheeps.cobprispagific
d'tnethyl%%f&ﬁﬂﬁeﬁ{%fatﬂgﬁ%@n‘@’ﬁggﬂﬁﬂcﬁg&)E?egélwgm& %'icﬁﬂhlggr%&ﬂ ng:e&iect d so that
comprising an alkoxyalkylamine silanc frorn about 0.5 weight percent t0 about 10 welg%t

percent, Higd spléotramcapiie pivbindingetaesfiestivsormomniveigktigbiteist. tB02zidv suth e

embodimgat,of e gfg&%ég&&ﬁ%ﬁhe solution includes a binding agent having the general
formula (R1-0)4-nMXn where M is silicon, germanium, or tin; X is the functional group capable

of formin chemical bond with the catalyst; R1-0 is the functional group. capable of formi

the ohonBISiona LRTP S e TSRS A B BUIoATa HAG DB Sraatpen o
embodimgpicefljhespddoe manviactiompasnkcahptising oo orlinoad gittar offeups: soicheaslitidn
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culfonates o PEDE g B b MR SRR, AR R
organic ghssglgogers armatie/btbe b R14Y ddded mwbﬁw@rmp.sﬁ_ch me@@@@hsw,the
and pProporoefiOf SR, RYRIGH BB AAURIGEE GhIBRSPESSHRHINVRINR BadiNé HIRTIAEShe

one or more groups such as, but naot limited to, methoxl){, ethoxy, propoxy, and combinations
dh

thereof abidSMECHERride B ovmyrdagroutssiehyadhhameyntinfitedies, addahdo ithmeolution is
epoxy, hygid, carboxy, faIRoXYlateapsBiatayvPhesPhenalepantd camRinatiars. thetgofolRe

another preferred embodiment, Rl is an alkyl group. M is silicon, and X is an alkylamine.

[0023]ArfGRReA ERERE bR PI5FERE VTSR i iR PloNaST T aEaRd il AROHeiRca of the

total volume of the solution. For other embodiments of the present invention, the amount of

water makes up less than about 10% of the total volume of the solution.

[0020] According to one embodiment of the present invention, the solution to activate the
oxide surface includes catalyst compound from about 0.01 gram/liter to about 1 gramyliter,
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 granyliter, 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 (R1-0)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; andn is 1, 2, or

6



According to one embodiment of the present invention, the method includes providing an
oxide surface, exposing the oxide surface to a solution to activate the oxide surface for
etectroless deposition of metal, and electrolessly depositing a metal layer onto the activated
oxide surface. The solution to activate the oxide surface is essentially the same composition
and has essentially the same properties described for the solution presented supra. In
general, the solution to activate the oxide surface comprises an amount of binding agent

substantiallyAaprpiesshtetstiprent Kiidhsi pdiswtigeentivashas Kasngmesiunctionahgreumlar groups
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amount of catalyst substantially as presented Supra, an amount of binding agent substantiall
as presefterusfs BIPAYa mel&ﬂrﬁv@réfewéi@mfeﬂmls@ psredenrasstipavention, (R1-0)4-n
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resented,supra, they will not he repeated here for the desgrjption. of methqd.embodiments of
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devices, electrolessly depositing the metal layer over the activated oxide surface is
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phosphorus. Descriptions of electroless deposition processes suitable for embodiments of the
present iAGRENHBMNRIREHoaRE Seeiolpnsix fopording aeetK Irer enig. e dRrtedtentde surface.
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entirety by this reference, If needed, the method may also include rinsing the activated oxide

surface UBf P RoPrOPTTHETs ASBEbSHN e SUPLPR RESDIEH 84PMns UngaGEH dbe solution to
eomplexingiageriis oxicsanie: € oungstises atsaidhet prasedibinyedticobibatinseamaybeted supra.
accomplished .using a high purity deionized water rinse. [0026]According to the present .

vontion e SPE ARSHOARAL SHHL ST RGP OR (RN G AHOA S BERRAET iy apable of
comprisesmmnsin g thvbcackiehtbondxietehs thia aex ithsar ol tionl clompatsiegsa oadufiingtiaganiroup,
prior to electrolessly depositing the metal laver. Preferably, the rinsi he,activated oxide
Corace by AR e ot Clp oL o & (IEIER H MR TR o
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adjustor, an amount of complexirig agent, an amount of surfactant, of combinations thereof A
list of suitdpie: rEHRIABRAGE RS AEsBHiHBY M i b frsastady SHIBN AA¢| Bl DRHTA ref nwsater

limited tqy,BokamRIPAR¥EHIGG iydiazine, 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, Si02, SIOC, SiOCH, SiON, SiOCN,

SIOCHN[0024D5, anddTtioralondbbEnxite SMage dSclinnessaen ifa &otitionctiodCtv #bribaing
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seconds(ﬁlﬁgr&el{néan%g%lﬁ%&oorp t%(t:) %%tggg t§ir?cbeoclilettzZi?e%'descriptions of compositions arc presented

supra, they will not be repeated here for the description of method embodiments of the present

invention.



[0028]A third aspect of the present invention is an electronic device. Reference is now made
to Fig. 1 where there is shown a diagram of a cross-sectional side view of a portion of
electronic device 100 according to one embodiment of the present invention. Electronic device
100 comprises a dielectric oxide 110 having an oxide surface 115, a catalyst 120 for
electroless deposition, a binder 130 chemically bonded with oxide surface 115 and chemically
bonded with catalyst 120, and a metal layer 140 electrolessly deposited on catalyst 120.
[0029]1t 40028 be Hotadefoaethecdibedimenits Faf. the nocdirtvivio Bbaleativorelsperiealizyvines,

hickness o gejelys! 2030154 RHIERS O DR Sh 30t g aledlon st by

Furthermore, the diagram in Fig. 1 shows électronic device 100 having metal Ia{ger 140 as a
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inventions fatieh ebBadimentsanandeinde hrunaduetallsyes: AN @dgedirsunokfitkdes of
layer and further processing includes complete gapfill. Still further, Iheﬁgri?aqgram showrl,in_Fiég.to
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surface 115 and a reaction of catalyst 120 with a binding agent. The binding agent has the
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thereof [0031]For some embodiments of the E esent invention, metal layer 140 includes one

or more ERANGIRES Bifcngg MYt botasematishs #, g anritiCedonigehsiat BAtssphorus,

and mixtures thereof. For applications such as copper metallization, metal layer 140 is

prefera%é;g&)er or a diffusion barrier for copper if a diffusion bather is needed. [0032]For .
some e ent& AMENSHOSISIFRIEHHBN B e oS Beh SR boguRep LS MEhad b lrigeting
"MX" wherecRofit Xeaiddsn Areheefireshasesupainycebsdingitatedpiaidoesirface with a solution

comprising a reducing agent prior to electrolessly depositing the metal layer. Preferably, the
rinsing of the activated oxide surface with the solution comprising the reducing agent is
performed for up to about 60 scconds at a temperature of about 10°C to about 95°C. For some
embodiments of the present invention, the solution comprising the reducing agent further
comprises an amount of pH adjustor, an amount of complexing agent, an amount of surfactant, or
combinations thereof. 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.



embodiment, binder 130 comprises 04,MX" and X comprises amine, imine, epoxy, hydroxyl,
carboxy, carboxylate, phosphate, phosphonate, or combinations thereof In another preferred
embodiment, the binding agent used for obtaining binder 130 includes RI as an alkyl group.
Also for preferred embodiments of the present invention, M is silicon. [0033]Embodiments of
the present invention may include binder 130 as a polymer network. The polymer network can
be accomplished by using binding agents that are capable of forming lateral bonds with
adjacent 9028hg agerbirthaspisat efcthenpicatint dtteciiao tt tire deitterarfkvacAsRefroguibilisynew

binding agent s45h.AS A Ak R KARIRE SRR NI hIas RN RIPURS SR Willon of

oxide surface 115 and form a polymer network%%?gilicon oxygen bonds. [0034]In the foregoing
specificafitsstremgcigoeis o) f ascoetingdeserbenbnimereré e R vt M ipbodilerrasic device
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can be made without des)artlné; from the scope of the present invention as set forth in the

claims bélergsiiegordhislgt 9 sperifalvidnndsd fgthagidsstfass rdganbahmirniinbaadrbwith

rather thaatatyastos!iveisense. aidrallowshimnsidioatiposiricontanded tode included within
the scope of the present invention. [0035]Benefits, other advantages, and solutions to

problems have been described above with regard to specific embodiments. However, the
benefits, 28 htagdssizaildionadiedtiah i i gnahamyRite hénis) dhatntaycabu Skl ey el 1y,
advanta Splution to gccu ecqome more pronoynced arg\not to be construed.as a .
crticl, o R B e e e S RS i on
the termdtuthreises thtcdimgrging, Fignclushesys "thieling deties, 1 0hdwivigg' tettsddayasn40fis a
or any ofpgsHAHAIAN EBhAIGIBISBIENHE BRYS ARG ASHAEHAM AR G AT Blesd:

process, method, article, or apparatus that comprises a list of elements is not necessarily
limited oy eBtipissuhsiermbedimentsragyinetlisle Suvarsesied fvondf @ ppprisiad astarpordiHinar-tayer
to such prReesRnESIRAY s AHICIRcRUAPRaIFIL: BHPIRET YRIeSSteprersivistaied R0E in F}g. 1

contrary, "or" refers to an inclusive or and not to an exclusive or. For example, a condition
or B is sAHSTRAPEPHIRTHTY Srectenaiindornia damatersraséitizaens iRei%e (or not
present), A is false (or not present) and B is true (or present), and both A and B are true (or

resent).
P )[0030] Preferably, binder 130 comprises a chemical reaction product from a reaction of

oxide surface 115 and a reaction of catalyst 120 with a binding agent. The binding agent has the
general formula (R;-0),,MX, where M is silicon, germanium, or tin; X is a functional group
capable of forming the chemical bond with catalyst 120; R;-O is a functional group capable of
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 Si0,, 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 arc defined as supra. According to a preferred



CLAIMS What is claimed is: 1. A solution to activate an oxide surface for electroless
deposition, the solution comprising: an amount of water-soluble solvent; an amount of

catalyst; an amount of binding 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 the catalyst; and an amount of water, 2. The solution
of claim 1, wherein the water-soluble solvent is dimethylsulfoxide, formamide, acetonitrile,
alcohol, ammhodimestiliendef. 1 30 Thamidetion VX aiandl Xwdoerpiisa smineg formidecpatglyksydsoayl,
palladiu gﬂ in mpo rutheniu p u

Civer corsiunty St ML A RO OSSR b SR SRR e

wherein thiatsidiansatatenbiadingrigsstnsed ik okipisies divderial k0 padidese Rnasaancalkylogeoup.
member Koy e HRRFERBISIRAL RS I ATHRG HCHRABHMWIEHiALsh @ carboxylate group, a

phosphate group, a phosphonate group, and an epoxy group. 5. The solution of claim 1,
wherein the oxide comprises at least one of Si02, SiOC, SiOCII, SiON, SIOCN, SiOCHN,

Ta205, aygh3392. Embodiments of the present invention may include binder 130 as a polymer network.
The polymer network can be accomplished by using binding agents that are capable of forming
lateral bonds with adjacent binding agents that have chemically attached to the oxide surface. As
a possibility, a binding agent such as an alkoxy-alklyamine silane with three alkoxy groups can

bond with oxide surface 115 and form a polymer network of silicon oxygen bonds.

[0034) In the foregoing specification, the invention has been described with reference to
specific embodiments. However, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing from the scope of the present
invention as set forth in the claims below. Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and all such modifications are intended

to be included within the scope of the present invention.

[0035] Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, 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.

"ot

including," "has,"

39 ¢4 3

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

"o,

"having," “at lcast 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 clements
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 truc (or present) and B is false (or not
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6. The solution of claim I, 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. 7. The solution of claim 1, wherein a source for the catalyst is a palladium
compound and the amount is 0.01 grams per liter to 1 grams per liter, the water-soluble
solvent igpdisaat)) s ikf balide(andothpresaioy nhds B Gsvieig lfoppreenti0a8d betighAt petd@ntctime (or
binding a ent IS an alkoxyalkylamine silane and the amount is about 0.5 weight percent to
about 10 elgrh ‘percent, and the amount of water is about 1 weight percent to about 20
weight percent. 8. The solution of claim I, wherein the binding agent has the general formula
(R1-0)4MX" where M is silicon, germanium, or tin; X is the functional group capable of
forming the chemical bond with the catalyst; R1-0 is the functional group capable of forming
the chemical bond with the oxide surface, 0 is oxygen; and nis 1, 2, or 3. 9. The solution of
claim 8, wherein Xn comprises amine, imine, epoxy, hydroxyl, carboxy, carboxylate,
phosphate, phosphonate, or combinations thereof 10. The solution of claim 8, wherein Xn
comprises, sulfonate, boronate, carbonate, bicarbonate, or combinations thereof 11. The
solution of claim 8, wherein Rl is an alkyl group.

11



12. The solution of claim 8, wherein (R1-0)4., comprises methoxy, ethoxy, propoxy, or
combinations thereof. 13. The solution of claim 8, wherein (R1-0)4, comprises methoxy,
ethoxy, propoxy, or combinations thereof and X comprises amine, imine, epoxy, hydroxyl,
carboxy, carboxylate, phosphate, phosphonate, dlcdisinations thereof. 14. The solution of
claim 8, wherein Rl is an alkyl group, M is silicon, and X is an alkylamine. 15. The solution of
claim 1, wheNimtleckmmdrisof water is less than about 10% of thc total volume. 16. A
method of fabricating an electronic device, the method comprising: providing an oxide surface;

exposing the 04 dgsHsfpeetoa sl iR Aslivate thewiide &ipdacedoneRuRIEss Hppasition

of metal, the solution to activate the o>l<i ? surface comprising an amount of water soluble
solvent, an amounfBfEQE&E-Water-solublesolyents v of binding agent haying at least one
functional group capaihewd iafcatnlyse; chemical bond with the oxide surface and having at

least one f””Ct'O“aa'u%%%Bn?%‘P%%'%&f i@ém'ﬁ%% Qﬁ@&%@‘?ﬁ'ﬁck’%ﬂﬂ&ﬂ@%&@é@%ﬁe%‘%rmmg a
chemical bond with the oxide surface and having at least one functional group capable of
forming a chemical bond with the catalyst; and

an amount of water.

2. The solution of claim 1, wherein the water-soluble solvent is dimethylsulfoxide,

formamide, acetonitrile, alcohol, or mixtures thereof.

3. The solution of claim 1, wherein a source for the catalyst is a palladium compound, a
platinum compound, a ruthenium compound, a copper compound, a silver compound, a

rhenium compound, or mixtures thereof.

4. The solution of 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 of claim 1, wherein the oxide comprises at least one of SiO,, SiOC, SiOCH,

SiON, SiOCN, SiOCHN, TaOs, 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.

12



an amount of water; and electrolessly depositing a metal layer over the activated oxide
surface. 17. The method of claim 16, wherein the water-soluble solvent is dimethylsulfoxide,
formamide, acetonitrile, alcohol, or mixtures thereof. 18. The method of claim 16, wherein the
binding ageni.ctim poisésmob nkialkoxsheitéme wudialkoyesikdaipgsaisg atliedsnonenfpormdyad the
group consisfig af 40 %‘P ggeﬁ%'ppa‘n fﬂ%l“‘%ogrP”&aﬂx&"ﬂégoﬁ}{@tetgéo‘d&é} DHAERNUFEHPUR.

a phosphonate group, and a roup. 19. The method of claim 16, wherein the binding
agent has théigefwiafoxidala t:beaynoww Bt NS iAo 9 SgWReahRRTCE dhe dinkng

the functionad @raup £RREIE M REMIRG tRRChRNealamE WitBothe Sakal s ,Eéac&,tadrwout 10

functional group a able of forming the chemical bond |tht eOX|de surfac |so
and nis 1, 2, 6t&" ‘.:e?hé“]'ﬁé? g’%‘f%l&?ﬂ*’i@ ‘%é)Pel}\:v Wa n)}lt%raoﬁﬁ?%é) ﬁlcglﬁtd

Xis an aIkyIamlne. 21. The method of claim 16, wherein electrolessly depositing the metal
layer over th8. dtthsaieticnxiielsnrfhoeheminghis bingiehzgniHaadbheaeadabivdawarface into an
electroless p@t}i_ 4%5&;@@&40 form a metal, metal alloy, or metal composite.

M is silicon, germanium, or tin;

X is the functional group capable of forming the chemical bond with the catalyst;

R;-O is the functional group capable of forming the chemical bond with the
oxide surface, O is oxygen; and

nis 1, 2, or 3.

9. The solution of claim 8, wherein X, comprises amine, imine, epoxy, hydroxyl, carboxy,

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 8, wherein R; is an alkyl group.

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

combinations thereof.

13. The solution of claim 8, wherein (R;-O)s.n 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.

13



22. The method of claim 16, further comprising rinsing the activated oxide surface with a
solution comprising a reducing agent prior to electrolessly depositing the metal layer. 23. The
method of claim 16, further comprising rinsing the activated oxide surface, prior to
electrolessly defibsitirigtidreof@sithldyeheveithtberadowingf soiteidnlésy thpntebabbli% O Sbedo@s at
a temperatur‘%mngebout 10C to about 95C, the reducing solution comprising an amount of
reducing agent and further comprising an amount of pH adjuster, an amount of complexing
agent, an amount of surfactant, or combinations thereof 24. The method of claim 16, wherein
the oxide surffc® BsHpdiebfhtiatias ameledrariedenishm Hranstboh CoRIsHS of Si02, Sioc,
SIOCH, SiON, SiQeNidpisatdNdd arfie;and Ti02, and the oxide surface is immersed in the
solution to activate the oxide surface Forg abOLf'[ 3(9n§g%otri1\g et%gg%'dt BOrQasg el scg%t0 B
temperature from SHOSEARe 9B SHTEEC L IS8 IRthoa of claim 98, Wherein the oxide
surface is imdapositidrinfneed|tittoo hiisrtivatt wie briokdsurisleecfrompalsingt 30 seconds to
about 600 seconds at a tempejatres, fronr abHt hGtaRAUt 95C. 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 186%¥BeHLEtAA g iperature from about 50C to about 70C. 27.

The method of claim 16, furthemcaimpiisingifdisietheractioiekaxise surfdosaiitowp sapaben

comprising a reducing agent.prior tq electrolessly depositing the metal layer, the reducin
agent compr?% B %g,lebngrg L%/%'}ladgf?ﬂyé‘?gﬁéés Wy%coep nggnﬁﬁ f{leg, %}g’g ?yd] & ,ftg%%%? Egtgr,oo
mixtures therapéble2g fammaigetebeivicé bl eoth thistatp]wstdiiéctric oxide having an oxide
surface, a catalyst for electrolgss HeRRSERYer: an@ PiNder chemically bonded with the
dielectric oxide surface and chemically bonded with the catalyst, and

.

electrolessly depositing a metal layer over the activated oxide surface.

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

formamide, acetonitrile, alcohol, or mixtures thereof.

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

nisl,2, or3.

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

alkylamine.
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a metal layer electrolessly deposited on the catalyst. 29. The electronic device of claim 28,
wherein the binder comprises a chemical reaction product from a reaction of the oxide surface
and a reaction of the catalyst with a binding agent having the general formula (Re-0)4." MX"
where M is stlicohhegerettadiurf chrinin] 6, wieseanfetectiohablyrdapositipgbieeoffdamlaypthever the

chemical bO'asltlweﬁ@dt%%ﬁ@ta!.meﬂowﬁ&Jtmgéiﬁg%9rgaﬂé%é@q&la%eofsmxenﬁtw%rp*a?eava@éss

bond with the oxide surface, 0 is oxygen; and nis 1, 2, or 3. 30. The electronic device of
claim 29, whelrirgthrilosads edkiprisesial st aliey PRl SRICOROCH, SION, SIOCN,

SIOCHN, Ta205, and Ti02. 31. The electronic device of claim 29, wherein the catalyst is
palladium, pizgincia, memhmnbimlamppsermheerccrm@nhmﬂg mrsmgtuee&membt)x% Ffrce with a
electronic deV|(cu of claim.29, wh reln the nletal I %%atl astt [ m&ff:l%

. om I'1SIN Ucin 101 CC I‘O 0S1
cobalt, nickef it ngs pp'ﬁ gp%orus i )?trures ereo & electronic ewge ‘of claim

29, wherein the binder comprises 04"™'MX0. 34. The electronic device of claim 29, wherein

the binder c@hprlsemaoNixt dricnX Gohipiesssraphisiag imirieg dossH et exide éarf?@szypﬂor to
carboxylate, jheepOaEe dahRERONa IR Al BoSbIRAlPRITBREERAution for up to about 60 seconds at

a temperature of about 10°C to about 95°C, the reducing solution comprising an amount of
reducing agent and further comprising an amount of pH adjuster, an amount of complexing

agent, an amount of surfactant, or combinations thereof.

24. The method of claim 16, wherein the oxide surface comprises at least one selected from
the group consisting of Si0,, SiOC, SiOCH, SiON, SiOCN, SiOCHN, Ta;Os, 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 electrolessly depositing the metal layer, the
reducing agent comprising borane, borohydride, hydrazine, hypophosphite, aldehyde,

ascorbate, or mixtures thereof.
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35. The electronic device of claim 29, wherein Rl is an alkyl group. 36. The electronic device
of claim 29, wherein the binder comprises a polymer network. 37. A method of fabricating an
electronic device, the method comprising: providing an oxide surface;  exposing the oxide
surface to a 88lutioeladractvdredhecoxideigirface for electroless deposition of metal, the

solution to activate the.pxife éHgf@ggyﬁ%rggggggng@g]ount of binding agent having at least

one functional group capable of forming a chemical bond with the oxide surface and having at
least one functionaf §HNFRH ISR BICAS HARSE PBhemical bond with a catalyst; and
clectrolessly depositisigdariaialdalye btk thalagkhéad exiogi g sfideee and chemically bonded

with the catalyst, and

a metal layer electrolessly deposited on the catalyst.

29. The electronic device of claim 28, wherein the binder comprises a chemical reaction
product from a reaction of the oxide surface and a reaction of the catalyst with a binding
agent having the general formula (R;-O) 4., MX,, where

M is silicon, germanium, or tin;

X is a functional group capable of forming the chemical bond with the catalyst;

R;-O is a functional group capable of forming the chemical bond with the
oxide 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,Os, and TiO,.

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

copper, silver, rhenium, 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 O4.,MXx,.

34. The electronic device of claim 29, wherein the binder comprises OsnMX, and X
comprises amine, imine, epoxy, hydroxyl, carboxy, carboxylate, phosphate, phosphonate, or

combinations thereof.
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35. The electronic device of claim 29, wherein R, is an alkyl group.
36. The electronic device of claim 29, wherein the binder comprises a polymer network.

37. A method of fabricating an electronic device, the method comprising:

providing an oxide surface;

exposing the oxide surface to a solution to activate the oxide surface for electroless
deposition of metal, the solution to activate the oxide surface comprising an amount of
binding 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.

17



