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Sem conduct or device including a coupled dielectric
| ayer and netal |ayer, nmethod of fabrication thereof,

wapa7medoer i al for coupling a dielectric | ayer PCTER2006/065903

netal layer in a sem conductor device Field of the
invention : The present invention relates to a

passi vating coupling nmaterial that nost generally
facilitates the manufacture of a sem conductor device
by coupling aSpohi@enducion-Geviaeirckdintgiac | ayer to
Ia et alo U ehert dféré@ltﬁlé |I12§ pWTd matal ke Imethor af

a Y

t ha e ER{TER W? et gﬂ 2%*95 4l 4o ébgpq“*é‘@ [efic
to th 36r'|eél%'8 raéne Wm.acﬁemlq @HP#@& e\bl,ce

exanple, to seal a porous dielectric |ayer having a

el ectric constant, k, against
Eb%@ f:fﬁg¥%¥§mé(§jﬁ This sane material is gddi ti onal |y
abl e present. net al cleation sites for
subsefﬂﬁ@rﬂreﬁ%fﬂtn‘&t’%‘i*f)’bfg@t%ioaﬁ wwtmﬁeqwngvmaw@ﬂ that

or not the |ayer bel ow being passivated is porous).

WMsishl genepalyi faciiiales theemedmaciuaeiafi a&%ﬁmodp@pédiewce by
with the absence of the passivating coupling material,
soudlinghat porfousaor benquisusiefiedctric layeupbed mé@l nayearl formed
| ayer to the dielectric layer. The present invention

fHevovet! phfruldy2a bRty thaRed GAtligi Bhase. In a particular
sem conduct or device particularly i ncI udi ng the

ék%Pvat edﬁ%tér‘?él i QQF?asélJﬁbﬁlla)l&th AILpbBEo the dielectric

pass elec rnc
layer on which it is formed (for example, to seal a porous dielectric layer

having a relatively low dielectric constant, k, against moisture uptake). This
same material is additionally able to present metal nucleation sites for the
subsequent formation of a metal layer thereon (whether or not the layer
below being passivated is porous). Metal deposition is therefore facilitated
compared with the absence of the passivating coupling material, such that it
can be considered to “couple” the metal layer to the dielectric layer. The
present invention also relates to a method of fabricating a semiconductor
device particularly including the liquid-phase formation of a metal layer on the

passivated dielectric layer.

Background of the invention:
As feature size in integrated circuits decreases, it is increasingly
important to reduce the resistance-capacitance delay (RC delay) attributable

to interconnects used in such circuits. In order to reduce this RC delay, it is
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Background of the invention : As feature size in
integrated circuits decreases, it is increasingly

WO pata@and to reduce the resistance-capaci t ancECTHEPENY6/065903

(RC delay) attributable to 3 nterconnects used in such
circuits. In order to reduce this RC delay, it
iscurrently thought that advanced interconnects shoul d
have a reduced di el ectric constant %k). In particular
ewasertly thavaiinteals S0YABEEQ IpEeTREEREES Should haver aareduced
As a first step, carbonated silicon dioxide (Si CC
tliclediritavestaat(k)c onvearticolaal thesé mtecstinmedts shatié t@Omade of
20 nm technol ogy nodes. A current focus is to further

IoVRKk O gtetiBrR. KAy al fiet bt\épi, BARAREIANG lieeT BRxide &&l@l@) films have
carbonated silicon dioxide filns. The term "carbonat ed

E%%Wg%h%ﬁﬁg Edgi ce@Nfh H’i@.éff{?'ié@ ”féc‘ﬂﬂo{o@;&/ﬁbées. A

e use esi gnate si con di oxi de

LN dj carbaon erej . i i in.
iR 1R i ST G Be Gl vl S ¥ oS Db i uch
the formatjon of a silicon dioxide layer). Such filns
affl@oga “T"l'l%é” a'%@erfé?”érred toin the art as

car bon-doped silicon dioxide filnms. Carbonated silicon
di oxi dbefierms “careomnaied gsiieve dipdde Hiimsevandalthe exedigsponding
usi ng chem cal vapor deposition or spin-on coating

foroiua 8E3C” Sevasad ty adgratarsdiconrdiexidefilceviatlopinggcarbon
CVD- deposited SiOC filnms using a "porogen" approach.

B g, I . 15, BRLBOACPSRs P s LR e a o

post-treatnment, |leaving pores in the film Applied.
RERCEFSA| & (tRea metiafofid avsilicon| dioxige, dayers S@C@nﬁms are
( ELK

sometimes also referred to in the art as carbon-doped silicon dioxide films.

Carbonated silicon dioxide films are being developed by several
vendors, using chemical vapor deposition or spin-on coating techniques.
Several vendors are currently developing CVD-deposited SiOC films using a
‘porogen” approach. With this technology, the porogens are built into a
dielectric film and are degassed during the post-treatment, leaving pores in
the film. Applied Materials (Black Diamond llIx; IIl), Novellus systems (ELK
Coral), Trikon (Orion), and ASM are amongst the companies working on this
approach. Suppliers of spin-on porous dielectric materials include Dow
Chemicals (SiLK), Rohm & Haas (Zirkon), and JSR.

However, it is known in the art that a silicon oxide-containing material
(like a carbonated silicon dioxide) has a substantial population of surface
hydroxyl (silanol) groups on its surface. These groups have a strong

tendency to take up water because they are highly polarized. They are
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Coral), Trikon (Orion), and ASM are anongst the
conpani es working on this approach. Suppliers of

W@ pioAozgipor ous dielectric materials include DRGI/EP2006/065903

Chem cals (Si LK), Rohm & Haws (Zirkon), and JSR

However, it is known in the art that a silicon

oxi de-containing material (like a carbonated silicon

di oxi de) has a substanti al popul ation of surface . .
goueraigd bystheavierk W 6hiheuroand six siankeiebulikndivxage hs-Si)
have a strong tendency to take up water because they
aridges gitlthe peuréadez ofl.thd hegtediab gehleeset stoxgne Istrubtusek at the
up of four and six menber bulk siloxane (Si-O Si)

hfdt@k@%mfadehﬁawrafnag@ccgﬁféﬁgata@t@éétab.po‘t'bm ad eyatHEn be
structures at the material surface have an

H@ﬁé?&é’f%@stgtt?éj“s@ﬂaﬁ%cf’j qh%ggﬁﬁéti r"é'adﬁy?@l/itﬁoarﬁ@i@gfﬁoisture to form

considered to be "strain They Teact readily wth

[ j rm Sy e r l. .qro o
T sRBc T habHRE, bl b eng TEET ot <P g i RRerial s
the surface droxyl s and the adsorbed water | ecul es
DA ahS v DRRYE e B Ea0THE AP erTaRCUISs 1€hd to
causing an increase in the dielectric constant and _
pepagRER) Mo Ithe el abihe maternalcemgrinalgindnereasetindbe whiglectric
in other materials, such as netal oxides, present on

towestant drect eechicirgy fivaf esliabilihe met al i on- oxi de bonds
| ocated at the surface of the material have an

Uncomeétﬁrﬁbﬁ—‘ﬂébﬁi _@ﬂ‘ééti ScduRs Wbithﬂér- mEfér@lé,iéﬂ%W &€ nledadsxides,
to a ready reaction with anbi ent noisture so as to

PRI U RESuRAER Y TP 0858 19885 i Braioq e
8Gv&le rg?l t%%u%%?er\{glll ha\Per oa[r)wa%%tcc(aamtp%nts!aﬂllteedb(lff\lelé:tr%c ptopeential. This
likewise leads to a ready reaction with ambient moisture so as to form
surface hydroxyl groups. Once again, if the material is porous, the surface
hydroxyls and adsorbed water molecules will propagate to the bulk of the
material and lead to an unwanted increase in dielectric constant.

As mentioned above, carbonated silicon oxide is often used as a
porous dielectric material. Its carbon-rich surface has relatively fewer
strained oxide bonds. Thus, there is a reduced population of surface
hydroxyls at the surface of the material.

However, the tendency for water uptake is still quite high in carbon-
containing porous dielectric materials after a dry etch process. The oxidizing
plasma reduces the carbon content at the surface of the material and

therefore increases the population of surface hydroxyls. The dielectric

constant k therefore increases after dry etching, so the k value of the film
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material and |lead to an unwanted i ncrease in
dielectric constant. As nentioned above, carbonated

wadoroioxi de is often used as a porous di el eRCT/EP2006/065903

material. Its carbon-rich surface has relatively fewer
strai ned oxide bonds. Thus, there is a reduced

popul ati on of surface hydroxyls at the surface of the

mat erial . However, the tendency for water uptake is

Byst | beyuraséonedgh AR eXaBBIec OhtSHCHI ﬁgr%?r@ugnd@feltf&tq*?'@d”c

materials after a dry etch process. The oxidi zi ng
porsiant risduibes ap@icatioborofcant euperatiticdle GOpf d@tment  with
the material and therefore increases the popul ati on of

RexdraethylyisiiayiegHMIDS).di el ectric constant k therefore
i ncreases after dry etching, so the k value of the

il myshqdgon @?Ldb"l@ﬂs calBe&HyRbRIAE p?ré‘%ht‘% ambient air, it is

restoration 0 e dielectric’constant

BB R e 8, Fc?% Fi sygece of

gﬁse %rmlsture resgpbm ambi ent air, is al so
R0 seqcRRAUGIRISERECRIUaNi ng sol ut i ons to

clean_the surface of the wafer during sem conductor _
fabri Eati @xanmde, eX\d’rﬁﬂ ed wsemiepnseiontiiegreted circuit  is
integrated circuit is manufactured, vias and other
tramoédetliielde vigsrarcd othes tremsh-like stuchedsimusirte efchedrie one or
| ayers formed on a semi conductor substrate. \Wen vias

fHoré 1BRGE foinksd dhralsémicnhdatraueBRHie. PAINETEVIaE @F itiineh-like
may build up in the via/trench because of a reaction

BROMBRIL Y8 QEREROPofiliaNEsidasE by BAIRY RAFTBhE Hastrench
because of a reaction between hydrocarbon etchant gases in the plasma and
the substrate material. In addition, metallic species (e.g. copper) may be
inadvertently sputtered onto the sidewalls.

It is thus desirable to clean a surface of the wafer to remove the
polymer residues (and metallic species, if any), before proceeding to the
subsequent stages in the manufacturing process. Conventional cleaning
processes may use aqueous cleaning solutions such as dilute hydrofluoric
acid (HF) or organic acid/base solutions.

However, these types of aqueous cleaning solutions are not suitable
when the surface being cleaned has a tendency to adsorb water, and
particularly when the surface is porous, such as the surface of a porous
dielectric layer. If aqueous cleaning solutions were used after via etching to
clean a wafer having a porous dielectric layer thereon, the porous material

adsorbs water from the cleaning fluids. This problem may be even more
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the substrate material. In addition, netallic species
(e.g. copper) may be inadvertently sputtered onto the

weraemadois. It is thus desirable to cl ean a sSuPCHER200§/065903

the wafer to renove the polyner residues (and netallic
species, if any), before proceeding to the subsequent
stages in the manufacturing process. Conventiona

cleanin? processes may use aqueous cl eani ng sol utions
BiRbhernaliqif theediglpgtrist [aysr ie dapagedHry Riasred @aghieg during the
aci d/ base sol uti ons. However, these types of aqueous
elching prpcesvs.ut i ons are not suitable when the surface
bei ng cl eaned has a tendency to adsorb water, and

par t i Babidleky nag@iveyhaeaffigtingciel sligdoactabscorsaigit a8 thBeporous
surface of a porous dielectric layer. If aqueous

gie?éE?Iiié‘ %\@f'eért’é | P80 WRIisr Lee Qs ¢ sev;%t"@),b?érﬁé‘ lgBBng Subsequent

ean a avi ng a porous dielectric ayer

HRBRR o RSB, TP fob oL Pt hhd Setianitty

noreproblematic if the dielectric |ayer is danaged by
BToﬁgfﬁsetchi ng during the etching process. Besides
negatively affecting the dielectric constant of the

por oukotites geasors [apperibeciRmveedt WatiwPOBanRt & Jeveniswater
probl ens during subsequent stages in the manufacture
afisdrpoci acdi tiptaket dbpyrodegaidectgc andhterédls abid iusgd to form
probl enms. For the reasons described above, it is

inf®ebhAdétst 0 NMbRRE, WRliStra dFRERS | AN aapBrél fidettric could
porous dielectric materials are used to form
possibly corrode tantalum-based barrier layers.

Some known approaches to combat moisture uptake by porous
dielectric materials during manufacture and use of a semiconductor
integrated circuit include “dielectric restoration” as referred to hereinabove,
as well as “pore sealing.”

Pore sealing involves prevention of access to the pores in the porous
material, for example, by modifying the surface of the porous material (e.g.
using an organosilane treatment), or by depositing a thin dielectric film on the
surface of the porous dielectric layer.

The latter solution of depositing a thin dielectric film has a
disadvantage of increasing the k value of the layer. In some cases, it is
applied to the porous dielectric layer after vias have been etched therein.

Accordingly, an alternative known approach for post-via-etch cleaning

of a wafer having a porous dielectric material involves applying supercritical

carbon dioxide (CO,) to the etched surface as mentioned above. However,
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i nterconnects. Moreover, noisture uptake in a porous
di el ectric could possibly corrode tantal umbased

whasriozgo1o ayers. Sone known approaches to conmbRCT/EP2006/065903

noi sture uptake by porous dielectric materials during
manuf acture and use of a sem conductor integrated
circuit include "dielectric restoration” as referred

to herei nabove, as well as "pore sealing." Pore

His| ARRYORAL o iESSVBPEBeRUBN rBAUIRST dE¥estiate imoP@Y jPROCESS
the porous material, for exanple, by nodifying the
squipawnt ofhiches @breo owreegeriaiental. sfagasn rdgvalopment than the
organosi l ane treatnent), or by depositing a thin

dieghieet egaiphiérim esmiitmig Wideac e ahe tdemigon@ustor manufacturing
dielectric layer. The latter solution of depositing a

Frﬁjiug (fi electric filmhas a disadvantage of increasing
t he E< val ue of the layer. In sonme cases, it is applied

to th ielectric l.aye er_vias ha en,: .
et che ?%iﬁ@n%&@%r@ﬁ%c}'@ i%ﬁaé%té?nnéaet?ﬁ'\vg &ﬁgﬁ% Hielectric
approach for post-via-etch cleanipg of a wafer havin

AReraes DeeBiett Corueuian et e agbhyi i Tormatbn o
supercritical carbon dioxide §C02) to the etched _
valigusc anglal naer eivgtuesy ds ,3lews aagpeoapiex, and is
di sadvant ageously requires investnent in new process

thpuefone ntelativiebh expeativa. none thg pesgane,naddmist dayesri deposition,
devel opnent than the cl eaning equi pment commonly used

ERerhital $85d CRspbsaiod, aRBIHHyaREHVABE depdafionyareltfivical methods
addition to the foregoing i ssues concerning porous

UrgbfhihGi fietal layers. Such processes require, in particular, separate and
relatively complex process equipment operating under strict operating

conditions.

Summary of the invention:

In view of the foregoing, the present invention relates to a passivated
dielectric layer in a semiconductor device, wherein the composition of the
passivation material furthermore promotes the subsequent deposition of a
metal layer thereon (particularly in liquid phase) compared to metal
deposition without the presence of the passivation material. The invention
also relates to a method of manufacturing a semiconductor device including
such a passivated dielectric layer.

Because the passivation material acts to promote the formation of

such a metal layer with respect to a dielectric layer thereunder, reference is
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mat eri al s, subsequent conventional netallization
(i.e., the formation of various netal |ayer

wa@reogoeames) is relatively slow and conpl ex, aPdI/EB2006/065903

therefore relatively expensive. In this regard, atomc
| ayer deposition, chem cal vapor deposition, and

physi cal vapor deposition are typical nethods for
formng metal layers. Such processes require, |

in
prade; bereip, tosehapasevaiing reupling elayeeoifpl @deprigc éaflect both
equi pnent operating under strict operating conditions.
Soanaateyisti€s.t he i nvention : In view of the foregoing,

the present invention relates to a passivated

di el ept rgagshvayiey doupting enbretU e tatmd e6rredsicind thereto,
the conposition of the passivation materi al

fitks t“bﬁFﬁ%l‘?ﬂ r if§ ngr%trs ‘éﬁ’l%ie‘ﬂh’@nﬂké’eQQSLiJéédmnOEh)@ present

netal [ayer Thereon™( icularly 1n’liquid phas

FRERAER, Bl et IRV On TR b0 aHirel L AR BL s the
bR LG S IRYE had G o8 GNBTURH!r PEMPRsGion Mitqdessribed

the passivation material acts to pronote the formation
beresniow. ndt 48 foayed avemn a sigleetrict lgyar diperasy orcnot) in a
| ayer thereunder, reference isnade herein to a
Spagoindationglevimgplandghlspets'as a pasdamating layadr) andl, inc bertain
characteristics. A "passivating coupling material”

émlo_te‘? Tof&Me s enentafiéh bharhéri 1dyek ehereanshy aldo@escribed
coupling layer" and the like) as used in the present
hereinbelow. In this latter regard, the material acts as a coupling agent or
material in that it promotes the formation of the subsequent material layer
thereon, in comparison with the absence of the passivating coupling material.

For example, the passivating coupling material of the present
invention can be particularly useful for sealing a porous dielectric layer
(which, as discussed above, has a desirably reduced dielectric constant)
against moisture uptake and is also conducive to the subsequent formation of
metal layers thereon in liquid phase during subsequent fabrication steps.
With regard to this latter aspect, the passivating coupling material provides
nucleation sites for promoting liquid phase metal deposition in comparison to
depositing metal directly on the dielectric layer.

Additionally, the passivating coupling material of the present invention
is thermally stable with respect to relatively high temperature manufacturing

steps performed subsequent to the formation of the liquid phase metal layer

on the passivated dielectric layer.
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description of the present invention is neant to refer
to a material (or, as the case may be, |ayer), having

w@2ohendioc@l conposition as descri bed herei nbel POT/EP1006/865903

fornmed over a dielectric |a&er (porous or not) in a

sem conduct or device (and thus acts as a passivating

| ayer) and, in a certain exanple, pronotes the

formation of a netal |ayer thereon, as al so described
herei nbelow. In this latter regard, the material acts

as a coupling agent or material in that it pronotes
Dietaifent descoption of pgebarbed gudradinegrdsi al | ayer

thereon, in conparison with the absence of the

passi gahicgrafenad igrbdtirehtabf the bresemimhentioheare described
passi vating coupling material of the present invention

Rikkoi@grticularly useful for sealing a porous
ﬁléellect@?c | ayer (which, as discussed above, has a

o st it b HET ARG RESEPlS LRBR Rl B example. o a

subse formatjon of netal |ayers thereon in |iguid
BhES Sl Fl5 et B FRreaneh 8 SengRoRIUERGT SURRLIRLS o GaEver,
tothis latter aspect, the passivating couplin .
e preisent pventideds ity @mhcaglestq aBy foeroys gweirdtig layer that is
i quid phase netal deposition in conparison to

depesitbi hgveesalfack r bydroyylen thdreodi elceotding toaytke . foregoing
Addi tionally, the passivating coupling material of the

BxSiaRation, NViaBIUdMY, | Sfot hedamhdi¥ shmd| qviidul TIRSIRRIN, t OTEOS
relatively high tenperature manufacturing steps

REGASHIEPUPARESR) o CTEDS URGAL B lBebiiibicae

!j%)(eecrtr'ic,l‘:)%ty%'rsl,.ed description of preferred enbodi nents:

Moreover, it is also expressly noted that the present invention is also
useful with respect to non-porous dielectric layers to the extent that it still
functions at least to promote metal nucleation to support liquid phase metal
layer formation.

Accordingly, the description of the invention set forth hereinbelow
illustrates the function of the passivating coupling material for both pore
sealing and for promoting metal layer formation, although the passivating
coupling material can also be used for one function or the other alone.

In general, according to the present invention, a passivating coupling
material is applied to the porous dielectric layer surface so as to react with
the surface hydroxyls which are present thereon, as discussed hereinabove.

This reaction between the passivating coupling material and the

surface hydroxyls attaches one or more shielding groups present in the
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Sone preferred enbodi ments of the present invention
are described hereinbelow. It is noted that the

waleacegte on refers, strictly by way of exanplBCT/EP2086/065903

porous Si OC dielectric |ayer fornmed on a sem conduct or
substrate. However, the present invention is fully
applicable to any porous dielectric layer that is
prone to have surface hydroxyls thereon according to
PagsiYaingy avglies pmaterialomoledtdesidionghe f swrfasgng ghgngorous
without Iimtation, TECS (tetraethylorthosilicate) and
gitkani¢.f Mherdaps- bietpeent theraitched ahididisigl groapeare too small to
di el ectric layers. Mreover, it is also expressly

amdve dvatbamdidsules & eddch heeslifaue oithal serousefiglectict haterial.
respect to non-porous dielectric layers to the extent

fI'Hétati'atchéﬁiéHieIBi%gg%ﬂPtQBF ﬁbvigégﬂérié %hl%ﬂd%ﬁ&lta%d“ﬁlbék or at least

nucl eation to su iqui ase nmeta ayer

r | O ol:d} N the description of the

ﬁﬁ\?gﬁfdeoﬁass@@%f%%ﬁ@hﬁ?ei nbelow illustrates the
function of the passivating cqupling material for both
pore S iCRGEARISE tB%r%? i ﬂ”@e'ﬁlﬂlgalgr%\%rm%r{%%t Fopsidered
al t hough the passivating coupling material can also be
oglenalon seomee faregmistancss, Lepeoaheif Hieolayer beinge pessivated is
according to the present invention, a passivating
e @romg omatven nat prcheapAdsed todion¢éakeoup nsoistued estichi as non-
| ayer surface so as to react with the surface
EM%@W &swhich are present thereon, as discussed

er ei nabove.

On the other hand, the molecules of the passivating coupling material
also define metal nucleation sites that facilitate and promote the formation of
a metal layer, in comparison to metal deposition without the presence of the
passivating coupling layer.

A variety of materials can be used to passivate the porous dielectric
material according to the present invention. Generally, an appropriate
passivating coupling material according to the present invention:

- includes at least one functional group that can react with surface
hydroxyls commonly present on the surface of the porous dielectric material,

- includes a second functional group (i.e., a ligand) having an electron
donor functionality to provide a reactive site (more specifically, a metal
nucleation site) on the passivated surface for subsequent metallization,

- preferably includes at least two silicon atoms in the molecular

backbone for thermally stabilizing the passivating coupling material,
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This reaction between the passivating coupling
materi al and the surface hydroxyls attaches one or

worerog/ozdon@l di ng groups present in thepassivati PGI/EP2006/065903

coupling material noleculeddto the surface of the

porous dielectric. The gaps between the attached
shi el ding groups are too snmall to allow water

nol ecul es to reach the surface of the porous

asrReG@aiy deringtselosaauenthielaitvielc R mmmr@ftuf@ fiosapsing steps,
provi de steric shielding and bl ock or at |east hinder

ah@ passage of noisture. It is contenplated that the
shi el ding groups may be considered optional in sone

Ci r cunpteiaepiy inchiiesi apluyality of beydny stiieliidigroups, which form
paSS|vated is |less prone or even not prone to adsorb

Q/agitr k?ﬁ e'?(é’rbBFyUét%as?tl{% §ﬁ|e{?ﬁrﬁ@)1’i b abVSte sifhce of

e t he "nol ecul es of ssivat 1 ng

fr??a&%“PQ% e se"%ae APRRELO TRy e on e

| ayer, .in conparison to tal deposition wthout e
or eselid® A0 AHUANAGRPS TRG RAsSHIAIAG JOUPURD il & St spluble

of materials can be used to passivate the porous

anethe furicional aroLa(s) dbereptinag hawe ehaufficiesidhtast reaction speed
invention. Generally, an appropriate passivating

with @uriage myteoxydd, ascoqialined below.he present inventi on:

- includes at |east one functional group that can

react TRt PaSsvatARe doVBNNg YinattRIMEBsld Rt esRahpRN Beh%sefully
surface of the porous d| electric material, - 1Includes

g?lggﬁﬁﬁgmétléﬂcwombr,q AP dido Be usdfli ‘t&ﬂﬁgé a"4lePRI 88luble in
alcohols (such as, for example, ethanol or isopropanol) or in an organic
solvent like toluene.

The passivating coupling material may include at least one functional
group which can be hydrolyzed in water.

An appropriate passivating coupling material is, for example, an

organosilane according to the following general formula:

[ L1
X; Si (B)—Si L
L L

2

in which:
nis an integer equal to or greater than 1 (i.e., 1,2, 3,4,5,6,7 ...),
each Siis a silicon atom;

X1 is a functional group able to react with a surface hydroxyl site of the

porous dielectric material.
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donor functionality to provide a reactive site (nore

specifically, a nmetal nucleation site) on the
weawgiox@ted surface for subsequent netallizati BOI/EP2006/065903

preferably includes at |eadt two silicon atons in the

nol ecul ar backbone for thermally stabilizing the

passi vating coupling material,especially during

subseguent_ rel atively high tenperature processing

st eps)1 #n@itherpreferably includes a plurality of

organi ¢ shielding groups, which format |east one, and

pref erabl y X, Whkiabtist adprtbai dlinfitiogal ayeus abeve teaet with a

surface of the porous dielectric layer for blocking

noi st ur e upt als@rfaté hiydro)ys sitadiiet ggeas sidlécttibenaterial,

passi vating coupling material is soluble and the

functional HORMIRK B a hb&iReh 4185/ Bpve a sufficiently
fast reaction speedavvyt r?%gur%iacé ﬁydr oxyls, as

expl ai ned_bel ow. . The p Lvatin l .erial
could for ia\Rn"pW,C %%nuci}ééhﬁ\éla%ﬂog%l @@ﬁg olrﬂj%\mr :
However, it may al so be useful to have a materi al
sol ubl'e'§ @th@'cohol s (such as, for exanple, ethanol or
I sopropanol) or in an organic solvent |ike tol uene. _
The passi vatd, ighigbuigl & fythat dunciionahgrowe |alple tatreaghytith a
one functional group which can be hydrol yzed in water.
An appr opri at supfass ihydtaxygsit®apihienmproas eidledtric snatéoal,
exanpl e, an organosilane according to the follow ng
gener al foHMWHEh isha Wodi®ien atom, or
- Ro, which is an organic apolar group or branch
B, the presence of which is optional, is a bridging group,
Z, is either:
- Rs, which is an organic apolar group or branch,
- H, which is a hydrogen atom, or
- L4, which is a ligand having an electron donor functionality
and is able to act as a metal nucleation site,
Z> is either:
- Ra4, which is an organic apolar group or branch,
- H, which is a hydrogen atom, or
- Lo, which is a ligand having an electron donor functionality
and is able to act as a metal nucleation site, and

L is a ligand having an electron donor functionality and is able to act

as a metal nucleation site.
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nis an integer equal to or greater than 1 (i.e., 1,
2, 3, 4, 5 6, 7...), each Si is a silicon atom Xi

WO 200a8/0kaamect i onal group able to react with a suPCHER2006/065903

hydroxyl site of the poroud2dielectric material.Yi is
either: - X2, which is a further functional group able
to react with a surface hydroxyl site of the porous

di eI ectrlc material, - H which is a hydrogen atom or

- Therstengtiy Oérth@rtgm l@e%ttﬁﬂnathagpaa%vatngapahelmg material
IS e|ther - X3, which is a further functional group

andl éhe @or@&cdiahmtthc anaaridlaaedhihdrapeed ati whicbfit tdests with the
porous dielectric material, - H which is a hydrogen

slidase dydroXyds ivhbelievied aﬂdyp@adl 6n aphbBrfugdtwal Qroups are
branch B, the presence of which is optional, is a

Bfd<eat BEd Y H\‘é nérhbe? o?‘tﬁé‘%ﬂlc%n d@ﬂ:)é’\m]ﬂﬂe béss"fi‘v”atlng coupling

organi ¢ apol ar group or branc Ich is
g?/ag%? en atom or - L1, which is a ligand havi ng an
on donor functionality and is able to act as a

net al nugleati?n site, 72 is eithe
ndamentally, organosilanes form stronger bonds to the surface than

hydrocarbon chains that do not contain silicon, and therefore provide a more
stable protection for the porous dielectric layer surface. Also, the presence of
at least one, and preferably at least two, silicon atoms in the main chain
(“backbone”) of the molecule as described herein makes the molecule more
thermally stable, particularly in view of the temperatures encountered in
performing subsequent process steps. For example, after liquid phase
metallization, a subsequent dielectric layer deposition and cure may entail
temperatures of, for example, about 350°C. In comparison, for example, a
molecule having carbon (for example, aliphatic or aromatic carbon) in the
backbone would likely oxidize at such temperatures.

In the foregoing molecule, at least one of the organic apolar groups
R+, Rz, Rs, and R4 is present to provide steric shielding from the hydroxyl
groups and water molecules in the form of at least one, and preferably at
least two, steric shielding layers according to their connection to the
respective Si atoms.

Studies in other fields suggest that properly chosen organic layers
could be efficient to sterically shield non-porous dielectric surfaces from

precursors (such as metalorganic compounds), see, for example, J. Farkas
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- R4, which is an organic apolar group or branch, - H,
which is a hydrogen atom or - L2, which is a |ligand

whan7iogeoan el ectron donor functionality and i SPEDER200€065903

act as a netal nucleation d98te, and L is a |igand

havi ng an el ectron donor functionality and is able to

act etal nucleation site.The strength of the bond

bet ween_t he passivatin couglina mat erial and t

gbrbusé @E@V@%’ﬁmcsﬁﬁte%iséﬁﬁ dnd ﬂheV\é%be@roaﬁ %ﬁ%‘ﬁ'sl it could
reacts with the surface hydroxyls is believed to

He mxpdcied thatthef sine toif tmeakhigtding greups Braweid banpdopoertional to
the nunber of the silicon groups in the passivating
ﬂﬂygke@g ordseri al . Fundanental |y, organosil anes form
stronger bonds to the surface than hydrocarbon chains

that gge Qé?i‘ec? BNRabM stdrlc é’rﬁé‘ld Sy ’o?‘@érﬁ%ﬂéﬁe@ hay 'He%nastudled

nmor e stabeprotectlonfor th poro ectric layer

B T8l O Hon-bREsBIEIB0Er ofe o BRT i ool yreatment
h b kb f th I I d d.h

RiikclS” EXBTIAH dELP b P AL HER a1 CRE G0 g5 80 b 11954).

in view of t he tenperatures encountered in per form ng

subsedbertariasebsk papepshowed takaplosganic tayer| Ie@mtftan about

phase netal lization, a subsequent dielectric |ayer

88 phsggtramns dhidk azare beagffieiehaifdw stompalatshisddingfa dusiace from
exanpl e, about 350 OC. In conparison, for exanple, a

Vet pEretRash névérﬂébé‘l@vétfe@ifteﬁ?fﬁmﬂu%s. alNHeratdiAg @ passivation
aromatic carbon) in the

material to shield a porous dielectric surface, the length of the hydrocarbon
chain can be easily adjusted to optimize the efficiency of steric shielding to
the pore size of the dielectric.

According to an embodiment of the invention, the organic apolar
group(s) Ri, Rz, Rs, and/or Ry may be an optionally halogenated C1 to Cqo
alkyl, C> to Cyo alkenyl, or Ce to Cqo aryl or aralkyl group, which is/are
preferably selected from: methyl, ethyl, propyl, butyl, phenyl,
pentafluorophenyl, 1, 1, 2-trimethylpropyl (thexyl), and allyl.

That is, R and/or Ry, if present as Y1 and/or Yo, will form a first steric
shielding layer; Rs and/or Ry, if present as Z; and/or Z,, forms a second,
third, fourth, fifth, etc., steric shielding layer depending on the number n of
monomers present in the chain.

Functional groups X1, Xz, and X3 should have a structure such that
they are able to react with the surface hydroxyl sites of the porous dielectric

material and attach one of more shielding layers in the passivating coupling
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backbone woul d |ikely oxidize at such tenperatures. In
the foregoing nolecule, at |east one of the organic

wapwlazeogy oups R i, R2, R3, and R4 is present PCI/EP2006/065903

provi de steric shielding friém the hydroxyl groups and

wat er nolecules in the formof at |east one, and
preferably at |east two, steric shielding | ayers

accordln to their connection to the respective Si

aeseral tsthe ﬁkérsf,a¢€h°6tthﬁé?0rp%ﬂ@ecgﬂ@@%@?”@hd\ﬂom%@PU‘W'Y: the
chosen organic layers could be efficient to stehcally
¥Huetttbnad grqur wactsibe treceliminasian foh thes stinface pydrowylsor s
(such as netal organi ¢ conpounds), see, for exarrpl e, J.

Far kasemealexandple§! et tappedemnate Stenctibhall ,grdbgs ih 1884 )regard
Wth porous materials it could be expected that the

fw&W&JtSPﬂnﬁhﬁbﬁ‘g &LQH(H)? 3 ecrt%m diRfindr QBRdH PN koxy-,

e SI ze O pores of 'R on steric

%E%t%hﬁl %‘? ) ﬁgép(? @ U eler’ﬁi:ﬂ?)au ?gga‘gg 5 u di fﬁgjraggp( ih fhercapto-,

col um treatment ? ﬁ mpl e, K Szab al
methanqgyilfgnatoac ¢ ulfngto- ,67tr| rggcg mlgo,l gga) urggegontaining
Farkas et al. paper showed that an organic | ayer |ess
grpsabout 25 Angstronms thick can be efficient for
sterically shielding a surface fromwater penetration,
even ahedigavdt ledhbaltphrawd @neslectbe rdamor rfgnetionality, and, once
passivation material to shield a porous dielectric

e hasleculé e Atedicd & thdeuhudeosRIROPOPAA dididdtribematerial,

easily adjusted to optimze the efficiency of steric

IRl §1r88ctidh 58 idoreta! ffitionnguli g heSlidseGuent liquid phase

metallization process.

Ligands appropriate to the present invention include, without limitation,
vinyl, allyl, 2-butynyl, cyano, cyclooctadienyl, cyclopentadienyl, phosphinyl,
alkylphosphinyl, sulfonato, and amine groups.

In certain instances, the functional groups and the ligands could be the
same mono-, bi-, and tri-functional amines (which would form strong
interactions with both the porous dielectric thereunder and the metal layers
subsequently formed thereon).

The concept of the molecule will be shown using a series of
representative compounds by way of example and without limitation. It will
be appreciated that the example molecules shown below can be made longer
or shorter according to the number of n monomers that are present therein.

The index n is most generally an integer of 1 or greater. More preferably, n is



According to an enbodi nent of the invention, the
organi c apolar group(s) Ri, R2, R3, and/or R4 may be
waproogprdoomnal | y hal ogenated G to d o al kyl, C2PCDEE:008065903
al kenyl, or C6 to G O arylSor aral kyl group, which
is/are preferably selected from nethyl, ethyl,
propyl, butyl, phenyl, pentafluorophenyl, 1, 1,
2-trinmethyl propyl (thexyl), and allyl. That is, R |
aRdniagerbetveen  basg 3@s inausival/ dVostoprajgiably di i @n integer
first steric shielding layer; R3 and/or R4, if present
bstvgerahandri 8Zinclisivers.ea 56t Snd, 5t Bi.rdi7, dolB.th, fifth,
etc., steric shielding | ayer dependi ng on the nunber n
of moMpseLsdgngsEoLpi B, tihpredemi,ncafruss;t fopnétargplelirs divalent
X-i, X2, and X3 should have a structure such that they
PHG0RY S0kl (HETCas Prb DESI 2E Ao gRtdisycn as
i el di ng rs dy\n_the yvati.ng. couplin [

5 (el el Ak 2P ATEINT b8 B YR RS fypan o
articularly, the X functional grqup reacts by th :
Do naromay benaia: partictgur SIFhe Soie UBsaIAEd arpmati
appropriate functional groups in this regard include,
e eo RO NtRIANGatdroups -mﬂoasdm-phmwﬁm@ep-pmme, and p,p-
acryl oxy-, al koxy-, acetam do, acetyl-, allyl-,
dipheay|, etbgandhe lefdging ,group,daeren yreserdy oyt farther improve the
met hanosul fonato-, sulfonate-, triflouroacetam do, and
er?ﬁ‘m?@t‘é‘bﬂit)ﬂbﬂ&e%ﬁé%tiﬁp%o'ubﬁﬁ@%aheﬁél%bl@cb@\!e an
el ectron donor functionality, and, once the nol ecul e

10 1s attached to the surface of the porous dielectric
mat eri al ,

Example 1:

Methoxy-tetramethyl-vinyl-disilane:

CH
e [T
O Si Si CH
LN
CH, CH, CH,
15 in which the Xy functional group is HsCO—- (methoxy) group; the Y4, Yo,

Z4, Z» functional groups are -CHs (methyl) organic shielding groups; B is
absent; and the ligand L is a -CH=CHy vinyl group.

Example 2:
20 Trimethoxy-dimethyl-vinyl-disilane
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15

forns a reaction site for netal nucleation during a
subsequent |iquid phase netallization process. Ligands

wappropoi@ate to the present invention include, PQU/ERPNG/065903

l[imtation, vinyl, allyl, 26butynyl, cyano,

cycl ooct adi enyl , cycl opent adi enyl, phosphi nyl,

al kyl phosphi nyl, sul fonato, and am ne groups. In

certain instances, the functional groups and the

| i gands cbhpd\ge the same mono-, bi-, and

tri-functional 1 nes gﬁhich woul d form strong

i nter &G ons mﬁ| bot ®he porous dielectric

thereund€h¥ﬁnd he meflal | ayers subsequently forned

t her eon). e cghcept Yo t nol ecule will be shown

using a series af repdesentatJdﬁ conmpounds by way of

exanpl e and w ut | Chstationy et will be appreci at ed

that the ﬁ%ﬁﬁﬁfe nol ecul es shown bel ow can be nade

| onger or Shorter according to the nunmber of n

nono ; § e t it ' i i

gener o PR thERG, /30, v} 1ahldhal IRGups &R 1O, Rgtnoxy

n isan jnteger tween 1 and 30, in sive. Nbst . o

PRl R, 27 B o2 el BaE oyt e s cintfy BrSanic shielaing

inclusive, i.e., 1, 2, 3, 4, 5 6 . . . 17, or 18. The

BrUpSi Bgs gPseRt: Bndithe fipRR htis ac&iife 12 VBl Bl e, a

di val ent bridgi ng group (such as oxygen or sulfur), a

trival ent bridging group (such as nitrogen or

Ehosgﬂogus), or a tetraval ent bridging group (such as
silicon), and may be, nore particularly,

silylene and unsaturated aromatic carbon-caontaini ng

gr oup¥inyligkamethymethanyeisdoxane fiidaintharound peesent)

Hsc C|)|_|3 C|)|_|3
AN , .
@) Si @) Si CH

| N

CH, CH CH,

3

in which the X functional group is a H3CO- (methoxy) group; the Y1,
Y., Z41, Z> functional groups are -CHs (methyl) organic shielding groups; the
bridging group B is oxygen (forming a disiloxane compound); and the ligand
L is a C=CH> vinyl group.

The addition of a bridging group B (such as oxygen in this example)
can significantly affect the thermal stability of the coupling layer. Silylene and
unsaturated carbon-containing carbene groups such as m-phenylene, p-
phenylene, and p,p’-diphenyl ether are additional examples of bridging
groups that can be used according to this invention to further improve the

thermal stability of the passivating coupling material molecule.
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di phenyl ether. The bridgi ng group, when present, my
further inprove the thermal stability of the

w@awgiox@to ng coupling material nol ecul e. ExanpP@I/EP2006/065903

Met hoxy-tetranet hyl -vinyl -dVsilane: in which the Xi
functional group is H3CO (nethoxy) group; the Y-i,
Y2, Z-i, Z2 functional groups are -CH3 (nethyl)
organi c shielding groups; B is absent; and the Iigand
Exa@pie 4CH=CH2 vinyl group. Exanple 2 :

Thet hoxy- di et hyl -vi nyl -di sil anein which the X-i,
Y-i, and Y2 functional groups are H3CO (met hoxy

et hy Mool ey Gy SR B dVBlcBhd) Tona (e

ligand L is a -CH=CH2 vinyl group. Exanple 3 :

Vi nyl t et r anmet hyl net hox;ldl si |l oxane (bridging group B
presen i n whi the functional group is a H3CO
(meth group; the +-|, Y2, Z-i, Z2 functional

groups ar e Q-eH3S(+wethpli—eCgar—CHshi el di ng groups; the
bri dgi ng group E|5 IS o*ygen (form ng a disiloxane
compound) ; and Clne I|g,and L is a C=CH2 vinyl group.

The addition of a bri dgi®ng group B (such as oxygen in
this exanple) can significantly affect the thernal

st abi in WicHf theng w@%pnabgnoarpes a BiC{-dmetaay) group; the Yy,
unsat ur at ed carbon-cont ai ni ng carbene groups such as

Wy, pBerdd inetiomad hgroypemee -CHs (methyl) organic shielding groups; the

bridging group B is absent; and the ligand L is a -C=CH acetylenyl group.

Example 5:

Methoxy-hexamethyl-vinyl-trisilane (alternative molecule length)

H.C CH, CH, GCH,
AN . . .
O Si Si Si CH
T TN

CH, CH, CH, CH,

in which the Xy functional group is a H3CO- (methoxy) group; Y1, Ya,
Z4, Z» functional groups are -CHs; (methyl) organic shielding groups; the
bridging group B is absent; and the ligand L is a -CH=CH, (vinyl) group.

The passivating coupling material of the present invention can be
applied on the surface of a porous dielectric material in accordance with
known methods for applying compositions including, generally and without
limitation, gas phase, liquid phase, or spray chamber application.

However, liquid phase application, if used, must address the above-

noted issues of moisture adsorption, as the passivating coupling material is



10

15

20

and p, p' -di phenyl ether are additional exanples of
bri dgi ng groups that can be used according to this

wo paogfozdoom to further inprove the thermal stabPCT/ER2008/065903

t he passivating coupling nmd8erial nol ecul e. Exanpl e 4:

Met hoxy-tetranet hyl -butyl -disilane (alternative

ligand) in which the Xi functional group is a H3CO

(et hoxya group; the Y-i, Y2, Z-i, Z2 functional

Bickiady dified dpaweas: APty gd @ns Kreanie niPl\@ussicht ae for
bridging group B is absent; and the ligand L is a -C
exbrapke, \dleohdl) gddeg to Bxamyl iac®ase the solubility of the passivating
Met hoxy- hexamet hyl -vinyl -trisilane (alternative

mlc%w@l mdtemg! Misd, nsorhie adf thieendfiedl exarhpeBadf fimetipnalsgups
H3 (et hoxy) group; Y-i, Y2, Z-i, Z2 functional

gl?il S BJre théHceBRE hﬁ{/éntﬂfrgaéﬁrp tﬁe"ei lﬂdggﬁgeﬁr ioglr_’ighiot Nshase

ging group B is absent; and t

- (vinyl) . e i vag i [ in

AR AT A Bh ool loBte, TOreRaRDl, 2 4R ERBlse Betvsen about
the surface of a porous dielectric material in.

ge Lo PRLROeCWithP tRashiRiYeearabgys BPisig 10 min.

conposi tions including, generally and without .

| i m t Ani @pprepiatehasecentiajiond rpnge edf dhes passivatirgroesupling
application. However, |iquid phase application, if
reeekial nigs 0.00d d te siD% hisy abase bt paksivatings cofipling stategal with
adsorption, as the passivating coupling nmateri al

tespeRt ¢&lthy Slidrall @8ads) onvat Bduid PSFEded ¥ mokilioANcAhPAshg the

sol vent (such as, for exanple, alcohol) added to

LA Png CREREAERL Al Bligd PcRIE 9El 99 of o
fofJ %%tséiegt?rlwg %BBBf?r?g material with respect to the overall mass of liquid
phase composition.

With respect to the possibility of liquid phase deposition of the
passivating coupling material, the present invention most generally
contemplates the use of an aqueous solution containing the passivating
coupling material to deposit a passivating coupling layer over a dielectric
layer. Preferably, the reaction speed between the passivating coupling
material and silanols formed on the surface of the porous dielectric layer is
sufficiently fast such that that reaction takes places before any appreciable
uptake of moisture from the aqueous solvent occurs.

In other words, the reaction desirably should be fast enough to

sterically shield the porous dielectric layer before the dielectric layer starts

adsorbing water from the solvent.
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suitable for the present invention can be hydrol yzed.
Li qui d phase application can be perforned, for

we@nmok@10 at t enper at ures between about 25 C apdI/8B2006/065903

with process tines betweenl@bout 30 s to 10 m n. An
appropriate concentration range of the passivating
coupling material is 0.001 to 10% by nass of

passi vating coupling material with respect to the .
over al apasticular examplaidl ligHissaPRIsARPBR Of thtPassiyating eepPling
t he passivating coupling material. An advantageous

matgral $t & Gnowo thalopdflymages residpassiendt indoroowgsl itimgy wafer,
material with respect to the overall nmass of liquid

th@alamwbgs hbt ABceddErily bRiypeetalise bhenniil bdadtion iBétween
i qui d phase deposition of the passivating coupling

A7dretaton éfEfPlirLb; 82668 od'frﬂj" 81t S0BstRe! nﬁ%ﬁl%dr% a. preceding

contenpl ates t use an aqueous solution corital ni ng

%%5 Eﬁsgfe:p\rg Strbg%pﬁ]%ﬁgb#@%g g gﬂhggp%q%é\fagi@@%%uq%gg erl’n_aterial as

Preferably, the reaction speed between th assivatin
gesinedyahaye el baddrededny she c&rﬁ%%r‘%ofﬁgg@[]?f%gregd by

of the porous dielectric layer is sufficiently fast
suglhrasidiies: hat reacti on takes places before any

appreci abl e uptake of noisture fromthe aqueous

sol vemhusc the paskivatihdesoumtingsmatdraal r & tbeocothiedallith an
shoul d be fast enough to stehcally shield the porous

Qg@écﬁfé rdl&anhipy etoRPositient %‘%)Ipf’dpﬁla¢§t fdrC rémpeingstiaé t Bolymeric
adsorbing water fromthe solvent.ln a particul ar

géo%ﬁ%@lsﬁgﬂé mérfitthEaadVeC fld Rachbn sPEeARRBLINALE Blfficiently fast
so that the passivating coupling material reacts with silanols on the surface of
the porous dielectric material effectively as soon as the residues are removed
by the cleaning composition. Water adsorption can therefore be blocked.

For example, if the passivating coupling material is a water-soluble
organosilane, it can be mixed with the cleaning fluid(s) ahead of application
thereof to the wafer. However, if the passivating coupling material consists of
an organosilane which is traditionally considered not to be water-soluble
when mixed with water, notably because of its short “pot” life (i.e., shelf life),
it can be still be used in certain embodiments of the present invention. More
particularly, if the organosilane has a short pot life when mixed with water,
the organosilane and the cleaning fluid(s) can be mixed at, or in the

immediate vicinity of, the cleaning tool (i.e. just before application to the

wafer).
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material, it is known that polyneric residues tend to
formon the wafer, particularly, but not necessarily

worioy/02deecause of chem cal reaction between hyPCDEPRI00€065903

et chi ng gases and the substfate material during a
precedi ng etching step. Thus, the application of the
passi vating coupling material as descri bed above can

be i npeded by the presence of regions covered by such

resi dOESOrdingtp, ongEexpaEMe \AeTaigre: GUPRSShATnG: RIOCESS diging the
be conmbined with an aqueous cl eani ng conposition
pagsivgtimoaceudlimg mabarisl rod thé eoresdntmevértianeiictides . thadollowing
nmenti oned above, the reaction speed shoul d be
Bafdmeteant |y fast so that the passivating coupling
material reacts with silanols on the surface of the

por ous %S'ag)%péed'ﬁlr%{/éé%ﬁrgh%g@ ilfseé%bl\ﬁﬂeyo@%n%@i%hé"écécﬂ@ing to

resi dues ar cl eani ng composition.

Wat er a roti : t her ef .be bl ocked, .For_ .. .
ol o 18 RSk AL Ll Rl S Sy b bR Re 6 or pighly diluted
wat er - sol ubl e organosil ane, | can be mxed with th ,
cl eani ngaweevaﬁé’?s %fh%éaﬁéher&ﬁ’bls iaﬁgt‘?%'ﬁ’”?ﬁ%i%éf{soaﬂi@'a“”g
waf er. However, if the passivating coupling material

consi st AgeNt ander garfesianine which is traditionally
consi dered not to be water-sol uble when m xed with

wat er, nobeddytehgrardtee of 20-86°Ghaid "pot” life (i.e.,
shelf life), it can be still be used in certain

enmbodi W%?B%@JWEG:@@@%S% r'h vention. Mire

particular the organosi| ane has a short pot life
when ter, the oraano§iLane. nd the

cl ean%ésﬁ%ﬁ%ﬁ]@qﬁggw%gr%@% e allic r?ﬂgyﬁ% arr]e removed, the

porous dielectric material is sealed by the passivating coupling layer.

As indicated above, if desired, additional complexing or chelating
agents may be used in order to remove metallic species. These reagents
should be added into the solution, so as to be able to be processed in a
common series of steps. Common complexing agents include
ethylenediaminetetraacetic acid (EDTA) and its derivatives and organic
acids.

Similarly, a wide variety of surfactants can be included in the solution.
For example, it may be advantageous to use block co-polymers built from
blocks of poly(ethyleneoxide) and poly(propyleneoxide) as a surfactant.
These two groups are efficiently absorbing on both hydrophobic and
hydrophilic surfaces, and the length and ratio of each group present in the

block co-polymer can easily be tailored to the application.
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i mredi ate vicinity of, the cleaning tool (i.e. just
before application to the wafer). According to one

we@x@mokelo t heref ore, a passivating process usiPQI/ER®06/065903

passi vati ng coupling materi2adl of the present invention

i ncludes the follow ng paraneters: - the applied

cl eaning m xture is a sol ubl e organosil ane accordi ng

to the description herein, mxed with an organic acid, .
or hi Gitsadipf ligwid dapesiies eithegpassivvding ¢ iggfmatesigfusing
optionally includes a chel ati ng agent and/ or

anraguebaatsoiutiono decan bergppliad un ggas FGsBO@SNg andarrier gas like
process time = 30 s to 10 mn After the residual

plogeR sy anh @onitthed With theshalieasl. aGas paeeethplititon can be
porous dielectric material is sealed by the

pafsinv&d bégvdé}e:?fé’éé 9 50P¢ednd 4ot Bhocat ed above, if

desired, a onal conplexing or chelating agents may

00 Rl B TR, B LR H e o

s PSR B S s A5 B ermine

et hyl enedi am netetraacetic acid (EDTA) and its
geyiranneve padicdlaslygancingdi eiyirogment.arlhg,inert @ndgonment may
variety of surfactants can be included in the

kol exarmple Ber amyoanmiigogen, on\cabsoradiaxitiegedths foo exaenple, a
bl ock co-polyners built from

humidity of less than about 1%. The inert atmosphere may be at ambient
pressure.

Once the porous dielectric material is appropriately passivated with
the passivating coupling material of the present invention, metallization can
be performed thereafter in liquid phase starting with an electroless deposition
(as known, for example, from Shacham-Diamand, Electroch. Acta, vol. 44
(1999), 3639). After deposition of a barrier/seed layer in this fashion, a
copper film can be deposited thereon by conventional electrodeposition, as is
known in the field of semiconductor manufacture. Liquid application of the
metal layer on the passivating coupling layer permits metal deposition on the

passivating coupling layer without having to “switch” process lines to gas

phase metal deposition equipment.
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bl ocks of pol y(ethyl eneoxi de) and pol y(propyl eneoxi de)
as a surfactant. These two groups are efficiently

wa@bwankiong on bot h hydrophobi ¢ and hydrophi | i CPCT/EP2006/065903

surfaces, and the length add ratio of each group
present in the block co-polynmer can easily be tailored
to the application.lnstead of |liquid deposition of the
passivat|n? coupllng naterlal usi ng an aqueous

P 6@ parati 288 Tnhase using a
carrier gas like nitrogen or argon conmbined with the
mat er Aatom@aratiphdest wppl partirmed waavaloaieetifeoraiglive effects of
bet ween about 150C and about 300 C. Anot her possible
e§ingyodifibrene t?\p@s& &f tdieledliricf s Wtddd pre-Obatemyprdr ROLRRUBlesS
solution application is to use a spray application in
R4l 8liidhned environnment, particularly in an inert
envi ronnent.. The inert environnent may for exanple be

2 PonfdbCRR fadlard HroRede T vallb i re Clee R8s, as

may be at_a ressre Once th orous dielectric
alcate i T20lR,br bk SATEIGS HASL PP & SR h CHRebut from'a water
ﬁassn vating coupling material of the present

aviegt metal ideedonngatsi oradearireye pepper geadueier eatd ean SiO:
in liquid phase starting with an el ectrol ess

diepesiic. i laregchscderotie, pi avaseiatmel mngéraird.8 to 2.9, and treatment
Shacham D amand, El ectroch. Acta, vol. 44 ( 1 999),

WRB S extidssrof ‘H)‘?@-@fédn' Sutdn @ PBEEKETWaSBEIMIcY&Ut fbN2 minutes
this fashl on, a copper filmcan be deposited thereon

?V 2rY EP ceré%kmghmthowagaﬁ 'ébrbtlo?f thé Qi d"Wehe dried

sem conauct or nmanuracture app I catlon

4 : ’An

Sging nitrogen gas in these experiments (although it may be noted in passing
that an alternative system has been developed in which isopropyl alcohol
(IPA) in a 10% solution in water was used to assist in drying). Electroless
deposition was then performed using a three-component chemistry system to
deposit a cobalt tungsten boron (CoWB) alloy as described in US patent
6 924 232. More specifically, a first solution is prepared consisting of a
mixture of a cobalt source (CoS04.7H,0), sodium citrate (CeHsNaz;07.2H,0),
malic acid (C4HeOs), and the surfactants Zonyl® FS-300, Zonyl® FSJ and
Tetronic® 304, using tetramethylammonium hydroxide (TMAH) or potassium
hydroxide to adjust the pH to between 9 and 10. This first solution is then
mixed with a second solution of sodium tungstate (Na;WQO4.2H-O) and then a
third solution of morpholine borane. The final mixture is chosen to have a
cobalt concentration equivalent to 27 to 35 grams of cobaltous sulfate

heptahydrate per litre, 27 to 35 grams of sodium citrate per litre, 27 to 35
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netal |ayer on the passivating coupling |ayer permts
nmet al deposition on the passivating coupling | ayer

waowdioedoihavi ng to "switch” process |ines to geSI/pPEg€065903

net al deposition equi pnent 2BExanpl e 6 and Conparative
Exanpl es 1-3 A conparative test was perforned to

evaluate the relative effects of using di fferent types

of dielectric surface pre-treatnent prior

grases pbmadis aeid Ber Mé%é fq 16@ram3cnfeq06&m |t‘én9ﬁ§%t§t petlire, and
was treated with various pre-clean solutions, as

5rdi tageams rof Tabipholine Tosasamper disreudde amwpenbbdf sudactants is
cn2 cut froma wafer having netal interconnects made

beweeroppeaneg oroil giopd. BfedtralesSi COVUB eblatitg iis . cdriie@agth at a
case the pHwas in the range of 2.8 to 2.9, and

L @érﬁﬁﬂé d@/l5blacq8(?@>egess of pre-clean solutionin a

er was carried out for 2 minutes at 22 C. After
treatment with pre-clean solution, the substrates were
%tﬁlsq usi ng mtrogen gas in these exper| ment s

tarttiough—t tfv8l c‘('JO'r’d ié?r‘i Comparative
A TR A Bl e Ee] e
—at-¢-eRod \..n, HRA w,ug,. e+
Qﬁfe aSSI $t in dry| ng) . EPectrol ess dgposnt on
Naorfar d u0| nm a three Comonenf cham ot
%‘i%‘ﬁ‘“%p?feposm & colal t t&thgst en bor 6 (Co\/)b) al P8y
_ Hn—US patent 6924 232 More
EE&%??'?&PW | a f?%st dolutidh is prepardd COHEI St i A9
lof a coballt source ((‘an 7H2 0
EMMONWN ( CEHBENa3GP H20)|, nal 12¢ aci d (04}3@05) .| and £Re
E;@ﬁs\‘"é?é? $PY Zonyl (r) F$-300, Zonyl (r) FSJ and
Silane - 0.5% by mass | 0.5% by mass | 0.5% by mass
of Sivento of Sivento of Sivento
Dynasylan Dynasylan Dynasylan
HS2627 HS2776 (bi- HS2909
(mono- functional (mono-
functional water soluble functional
water soluble aminosilane) water soluble
aminosilane) aminosilane)
Observations at - Solution Solution Cloudy
the time of showed no showed no solution after
treating with pre- signs of signs of adding the
clean solution hydrolysis hydrolysis silane —silane
hydrolysed
and formed
silica
precipitates
Observations No metal No metal Metal No metal
during deposition deposition deposition deposition
electroless observed by | observed by observed by observed by
deposition scanning scanning scanning scanning
electron electron electron electron
microscopy microscopy microscopy microscopy
(SEM) (SEM) (SEM) (SEM)

The above-described presence of multiple Si atoms in the backbone,

plus the optional presence of a bridging group B, increases the thermal
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Tetronic(r) 304, using tetranethyl amoni um hydr oxi de
(TMAH) or potassium hydroxide to adjust the pHto

whedrezg1® and 10. This first solution is thenP@i/XRH06/065903

with a second solution of 2édiumtungstate

(Na2WHA. 2H20) and then a third solution of norpholine
borane. The final m xture is chosen to have a cobalt
concentration equivalent to 27 to rans of

slgbHity &Jsth§uP5ﬂ%9t"éatH‘@pf3@%94mQaﬁ@t9@@| ﬁliifgf’r éhabrit gan tgerate the
grans of sodiumcitrate per litre, 27 to 35grans of
teshperatged gssoclated ewitlb wbs&@u@ltahighd[errwdamum manufacturing
tungstate per litre, and 5 to 15 grans of norpholine

brepaneuRhr as i 4= phike aspesitio®fofsr §usdcruiest imek@tiapen In
15 and 100 ppm EI ectroless CoWB plating is carried

gﬁtré’ét @hér%%egééd’rhﬁoﬁﬁoﬁg?fctﬁeﬂ %fkgiﬁ% gro | & hin ?hecan be

ove- desc presence n I n

RHRE pehel Sa 08 BB SRR ¢ n@ Hogd HeBea at thar

B&SSI vating coupling material such that it can
8iNkrate the tenperatures associated with subsequent

hi gh-tenperature manufacturing steps, such as
phaselrd@gieifian;, dieofigand db swasu @it efastran daper fumcptlonallty and
contrast, thermal deconposition of the shielding
proviges, nmdleaﬁm sitenfob ¢hesulesdiandly lmepasied nietal Bhefaa that
shielding function is no | onger needed at that point.

yn apd@irt2,08an bAEitibhaRNBe leoh@spaRdiabarianes fdaner enhances the
functiona |ty and provides nucleation sites for the

SRR SR ) o Ry O o AR kBl
enhangﬁﬁou& the present invention has been described above with
reference to certain particular preferred embodiments, it is to be understood
that the invention is not limited by reference to the specific details of those
preferred embodiments. More specifically, the person skilled in the art will
readily appreciate that modifications and developments can be made in the
preferred embodiments without departing from the scope of the invention as
defined in the accompanying claims.

For example, the ligands L provided in the passivating coupling
material according to the present invention are meant to provide metal
nucleation sites in order to promote or facilitate metal layer formation.
However, the ligands L may in certain situations tend to be reactive with

other metallic structures in a semiconductor device, such as copper metal

exposed in etched vias, or metallic barrier layers in the semiconductor device
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formation of a netal |ayer by presenting additional
nucl eation sites. Al though the present invention has

woheen/og@secr i bed above with reference to cert ai PCT/EP2006/065903

particul ar preferred enbodi2fents, it is to be

understood that the invention is not l[imted by

reference to the specific details of those preferred
enbodi ments. More specifically, the Person skilled in
tavehaas, f@F |axamuawo§aﬁr%@yah%seﬁhwl atened batriesiayeindds is
devel opments can be made in the preferred enbodi nents
lnewoin theedd).ti ng from the scope of the invention as
defined in the acconpanying clains. For exanple, the

| i gands desprib¥d drieinBbd\is thassasedtating coiphy faterial has one
mat eri al according to t he present invention are neant

5P nﬂj’ré\fw&dﬁ%ﬁ ?E?Lg?éckeé%térprbrﬁi ttRErelof tr?eitdéré difle H??]‘Pé@ét%th a

or fagl itate l'ayer fornation. \évever

b da ﬁg&ﬁ*"s@ﬂ”e%%hépaﬁ iR E Rp R, 1% Bher “end of the
sem (of0) %ﬂe ce, such as cogpcj net aJ ex osed in
Bobimad ki PR MG NYGlaian e f promote metal

sem conductor devi ce(such as, for exanple, a cobalt
layeojormation. sdpwewet, gnei@bieim dosld Rase i, faisxasmaothe ligands
the art). As described herei nabove, the passivating
bdnﬁbadgeau'eelrwm, foaexampleyra oopeerf metdl istroaturgriowmsexposed
at an "end" thereof that are able to react with a

Gidr fviafre thY Qidtiohab b?cfhdéf Xséllfﬁeroﬂaa%tlﬁg el sUifeice hydroxyls as

material. The other of the polyner has |igand(s)
Bk R e 8 DL o
or exa

nse mv'érﬁeg fro hets ml% gea state). As a result, the passivating coupling
material would present a reduced ability to promote metal layer deposition
because of the reduction in available ligands acting as nucleation sites.

Accordingly, it may be desirable to formulate the passivating coupling
material to reduce or avoid such interaction with other metallic structures
forming part of the semiconductor device.

Alternatively, some additional processing steps could be implemented
in order to render the metal structures relatively insensitive to the passivating
coupling material. For example, the surface of a copper metal structure
could be treated (i.e., protectively covered with) with a chemically appropriate
organic amine. This modification of the copper metal surface can give rise to
chemical bonds with the passivating coupling material which are weaker than
those between the passivating coupling material and the dielectric material

thereunder. When the passivating coupling material has been thereafter



L instead reacted with, for exanple, a copper netal

structure in an exposed via (wth the functional
wWQ@r@aps60Xd ei t her reacting with surface hydr oxyPGI/&B2006/065903

i ntended, or perhaps renmai 2bng unattached such that

the polyner is in a sense inverted fromits intended

st ate). As a result, the passivating coupling materi al

uld present  a reduced abi lity to pronote netal |ayer

G@@%%ﬁeﬁl 8h destadsa %:be@ﬁéenteaaea%m isteRfasinapfas example, a

| i gands acting as nucleation sites. Accordingly, it

teymaé tdetmealb) eanobéoappliedt dot rempes sdrwatpgasgivatog! cowpling

material to reduce or avoid such interaction with

pidi@talnedml {hieC copparcinetsisareasiig being fatilitabsd by the above-
sem conductor device. Ater nat ively, sone additional

0
PICPABREY o S IR oy e BRAEflrlet 8, bopgr mete
% r? (gassn vating coupling material. For exanple, the
ﬁ? te of a copper netal structure could be treated
ectively covere W th chem . cal |
appr oEPg@a@%r'ﬂaﬁ‘ﬁ her SAPHed Q‘WP'SO Sim?@EFPBHS'BP”tS can be
copper netal surface can give rise to chem cal bonds
petfarned ipagecordancs) w@mﬁ%en@rﬁmlégi desatiption Byeseeding the
weaker than those between the passivating coupling
natleafien saes ptésentec bgdhe ipasswbing abuplivey mateidal.asiescribed
t he passivating coupling material has been

BRE 'k fricRy HeRM® USRI RGuid aRbIe bredurSURSEAYGHY r%@ﬁaﬁss%lt@gln a
step (using, for exanple, a thernmal treatnent) can

ﬁm?amefq/vélp KhEWR'in HEY fBRE B ‘fﬁ%tﬁ!‘%e@%g%hngé“@ﬁfv@ 3, gas

he  copper ne areas

e SRR B B B, & e o



surface. Thereafter, in either case, a |iquid phase
nmet al deposition step can be perfornmed in accordance
waowdo/oedeeo f or egoi ng descri ption by seedi ng t hePCT/EP2006/065903
nucl eation sites presented2by the passivating coupling
material as described and clained herein using liquid
nmetal precursors or liquid netal salts, in a nmanner
well known in the field of nmetal deposition.
Al ternatively, a gas phase netal precursor could be
used. CLAIM5: 1. A passivating coupling material for
phddMBating a dielectric material and for facilitating
net al deposition on such a passivated dielectric
material, characterized in that the passivating

coupl kng ”ﬁnﬁébﬂaﬂnﬁm%u ﬁﬂ%nﬁ%itér%?fcﬁcgﬁééﬁét goatchélectric

general for IS an integer equ
i con at

iS,a si
5 Hardidand 7 ot et adabinar AR 258 pfssvgad sigiectric
site of the dielectric material, Yi is either: - X2,
wetetali scharacietizeg inuileati éhal p@@ﬁ@(ﬁ@m@blcgupr egmsterigl tis an
a surface hydroxyl site of the dielectric material, -
btgandisiténe sceorbingdriogha gaheral fommula:

10
in which:
nis an integer equal to or greater than 1,

each Si is a silicon atom;

X1 is a functional group able to react with a surface hydroxyl site of the

15 dielectric material,
Y1 is either:
- Xo, which is a further functional group able to react with a
surface hydroxyl site of the dielectric material,
- H, which is a hydrogen atom, or
20 - R4, which is an organic apolar group or branch;
Yz is either:
- Xs, which is a further functional group able to react with a

surface hydroxyl site of the dielectric material,
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- R, which is an organic apol ar group or branch; Y2
is either: - X3, which is a further functional group

wa@piog/oee10 eact with a surface hydroxyl site of PCTEP2006/065903

dielectric material,- H w2Bch is a hydrogen atom or
- R2, which is an organic apolar group or branch, B,
the presence of which is optional, is a bridging
group, Z1 is either: - R3, which is an organic apol ar
group or brhNdHch is &hydi9igen ateMaOhydr ogen atom or -
L1, which is a ligand having an el ectron donor

f unct i onal iRpywarlh is finadyigeniccadar group areranchucl eat i on
site, Z2 is either: - R4, which is an organic apol ar
group or bRathpresehte vhivblthiis optibydr @ge Briabieg grotp;
L2, which is a ligand having an el ectron donor
funct'z?[gaéi'méf: and which is able to act as a netal
nucleation site, and L is a ligand able to act as a

charm 1. charactabh i€an oo ERhE HraBF SEREER. 27 anc
Recor ding § orelHih 18 DRV EPAPRARM Al act or i zed i n ¢ hat
- L4, which is a ligand having an electron donor functionality
and is able to act as a metal nucleation site,
Z; is either:
- R4, which is an organic apolar group or branch,
- H, which is a hydrogen atom, or
- Lo, which is a ligand having an electron donor functionality
and which is able to act as a metal nucleation site, and

L is a ligand able to act as a metal nucleation site.

2. A material according to claim 1, characterized in that at least

one of Zy and Z, is, respectively, R; and Ra.

3. A material according to claim 1 or claim 2, characterized in that

n is an integer between 1 and 30, inclusive.

4. A material according to any one of claims 1 to 3, characterized

in that n is an integer of 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17, or 18.
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nis an integer between 1 and 30, inclusive. 4 . A
materi al according to any one of clains 1 to 3,

w@b@nraedoer i zed in that n is an integer of PCT/EP2006/063903

1,2,3,4,5,6,7,8,9,1 0,1 1,22 2,1 3,14,15,16,17, or
18.5. A material according to any of clains 1 to 4,
characterized in that Xi, and X2 and/or X3 if present

are selected fromthe group consisting of: -ch i de

- bronPde, Podfieriial a?@ﬁ?[cb&g'lo %Yk@cx‘}la'm%deioaﬁ gBaracterlzed in
acetyl-, allyl-, am no-, cyano-, epoxy-, imdazolyl,

treat eapand Xo medl‘mr)@sibprfe@eat,mre selﬂoteﬂwfxom) the group consisting of:
t hf | our oacet am do, and urea-containing groups 6. A
m@idel| -moamddli ndite aoyl aflkedyai mRefarhidod, acetyl-, allyl-,
characterlzed inthat L, and L1 and/or L2 if present,

ﬁbr"r‘t?' eFafs, é{)&%&) t??f‘ﬁd?ﬁcﬂ P g?ﬂébq%t'rﬂét ol i toﬁ's'u)fbmato-

utynyl,” cyano, ' cyc I enyl’,” cycl opent adi enyl,

BlFRRRECEAm R, AL %%@h%'ae?%“@é’ifq? one of ¢l ai ms 1

to 6, characterlzed inthat Bis a silylene or a

carbene group. 8. A material according to claim?7,
characterized in that B is selected fromthe group _
consi 8t i ngAonatarigheagereing topamheng|adméaimenti tgp dSpcharacterized
di phenyl ether. 9. A material according to any one of

ol thiatrg, &nd &, &ndédvalrai€ pessentdsiselddied fidm theRgroug3consisting of
and/or R4, if present are sel ect ed fromthe group

SATE 0,0 55T B, O BAEH, bR s,

and al lyl.10. A sem conduct or deV| ce conprl si ng:
alkylphosphinyl, sulfonato, and amine groups.

7. A material according to any one of claims 1 to 6, characterized

in that B is a silylene or a carbene group.

8. A material according to claim 7, characterized in that B is
selected from the group consisting of m-phenylene, p-phenylene, and p,p’-

diphenyl ether.

9. A material according to any one of claims 1 to 8, characterized
in that Ry, Rp, Rs, and/or Ry, if present, are selected from the group
consisting of methyl, ethyl, propyl, butyl, phenyl, pentafluorophenyl, 1,1,2-

trimethylpropyl (thexyl), and allyl.
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a sem conductor substrate; and a passivated dielectric
| ayer fornmed on the sem conductor substrate;

w@b@rmedoer i zed in that the dielectric |ayer i SPCI/EP2006/065903

passi vated with a passivatidng coupling materi al
according to any one of clains 1 to 9. 11. A

sem conduct or devi ce according to claim 10,
characterized in that the dielectric layer is porous.
12. AlQeni Aciemieerduderfedceeeddsing:to clai m 11,
characterized in that the porous dielectric layer is
made &arsemieonydumier sifbstratdyamat ed sili con di oxi de
(Si0C), tetraethylorthosilicate glass (TEOCS), and

f1 uor hnesdiontsdtl dietgctes layeofdrmesiidr tat eraicassudtbl Elstrate;
13. A sem conductor device according to any one of

cl ai mepd@ctizéd: liﬁhﬁ{aﬁlc'ﬂf% | aR cific ¢ Zériifs fdHskhated with a

conprises a netal |ayer on t passi vate

PaSailid SoloMtfimaktel RBREG RV Fle el REFR,™

coupling material provides nucleation sites supporting
the formation of the netal l|ayer. 15. A nethod of

manuf acturing a sem conductor device conpri si n%: . .
forni il a Aisaneicopductpageyicercgoring tpalaimtisr characterized in
substrate; andpassivating the dielectric |ayer,

thzd tiee Hietectedl ldyer ihpdropassi vating the dielectric |ayer
conprises applying a passivating coupling materi al
according to any one of clains 1 to 9

12. A semiconductor device according to claim 11, characterized in
that the porous dielectric layer is made from any one of carbonated silicon
dioxide (SiOC), tetraethylorthosilicate glass (TEOS), and fluorine-doped

tetraethylorthosilicate glass (FTEOS).

13. A semiconductor device according to any one of claims 10 to
12, characterized in that it further comprises a metal layer formed on the

passivated dielectric layer.

14. A semiconductor device according to claim 13, characterized in
that the passivating coupling material provides nucleation sites supporting

the formation of the metal layer.

15. A method of manufacturing a semiconductor device comprising:

forming a dielectric layer on a semiconductor substrate; and
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on a surface of the dielectric layer. 16. A nethod of
claim 15, wherein the dielectric layer is made froma

w@orsaseconmt eri al , characterized in that the paBGI/ERL06(5903

coupling material functionslto seal a porosity of the
porous dielectric layer so as to retard the uptake of
noi sture into the porous dielectric layer. 17. A
nmet hod according to claim 16, wherein the dielectric
| ayer PASSIYRHG heshelgalficdakeof car bonated silicon
di oxide (SiOC), tetraethylorthosilicate glass (TEQCS),
and f tharactesizédpenl thetr passiyiong hiei Idieletkicgllagsy comprises
(FTEGS). 18. A nmethod according to any one of clains
applymgla pasdieatan) esupied materiadhcddrdingrtbrgry el ¢lsiess 1 to 9
formng a netal |ayer on the passivated dielectric

' |4k Y %%ﬁ.e nmet al deposition process.
é@?éeﬂjrfﬁ%eﬁéﬁ%gé%%ﬁ%g to claim 18, characterized in
that formng a netal |[ayer on the passivated
dielectric |ayer conprises a |iquid-phase netal

deposi tion process perforped at a te rature of |es
Chan: 4Bout ABDSEOSR! Gaifal hotNEib IS AP 4Ta Ry b Made from

claims 15 to 19, characterized in that passivating the
di oreusr natarigl.eeharantarizedsinaiat ythagpassijingoagupling material
sol ution containing the passivating coupling materi al
fumctibes saiiskate porositeodihel potousaielegtic. lageld so aA twetctand the
according to claim 20, wherein passivating the

dpekedf méisiur fito GETPbIciRSdiBRREId Iagert he passi vating
coupling materi al

17. A method according to claim 16, wherein the dielectric layer is
made from any one of carbonated silicon dioxide (SiOC),
tetraethylorthosilicate glass (TEOS), and fluorine-doped

tetraethylorthosilicate glass (FTEOS).

18. A method according to any one of claims 15 to 17,
characterized in that it further comprises forming a metal layer on the

passivated dielectric layer using a liquid-phase metal deposition process.

19. A method according to claim 18, characterized in that forming a
metal layer on the passivated dielectric layer comprises a liquid-phase metal

deposition process performed at a temperature of less than about 80°C.
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contained in the aqueous solution faster than the
dielectric material can adsorb water. 22. A nethod

wa@e@anekong to clainms 20 or 2 1, characterized PCI/EPENG6/065903

it further conprises renoviddg one or both of polyneric
residues and netallic residues before applying the

passi vating coupling material. 23. A nethod accordi ng

to claim 22, characterized in that the agueous

sol ut #8n cOHntraetiody a8 PR sitvalNig CBEuAi FRiImgt €T alo 19,
additionally contains at |east one cleaning
cloaaotarizednnf that passivaing one digletiocHapér poainpriees @pplying an
residues and netallic residues. 24. A nethod according

bQuedls Solation c@hﬁiirﬂ‘ﬁ? ke to@séi9atir¢§?“@6@|§ltr@ nagstidl ont thatsurface
the passivating coupling material is applied in a gas

Bh@eEdidRctrd |g§é,hod according to claim24, wherein the
passi vating coupling material is conbined with a

carrier gas. 26. A nethod according to any one of
clainms 15 to 19, characterized in that the passivating

coupling material is applied as a spray . in a -

or cdefbr m RedeliRgsHerEng fo “olalia Abd WiidihaPagsivating the
claim 26, wherein the predeterm ned at nosphere is an _
figtaatriait lRyephep@prizes Aeadifioc dgudassivegngceoupling material
manuf act ured according to the nethod of any one of
cortaimedl n tloe 22Gueous solution faster than the dielectric material can

adsorb water.

22. A method according to claims 20 or 21, characterized in that it
further comprises removing one or both of polymeric residues and metallic

residues before applying the passivating coupling material.

23. A method according to claim 22, characterized in that the
aqueous solution containing the passivating coupling material additionally
contains at least one cleaning composition for removing one or both of

polymeric residues and metallic residues.

24. A method according to any one of claims 15 to 19,
characterized in that the passivating coupling material is applied in a gas

phase.
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25

29. An aqueous sol ution conprising an organosil ane
according to any of clains 1 to 9. 30. An aqueous

W@ edoaeémo accordi ng to claim?29, further conprPGI/RB20861065903

organi c acid, hydrofluoric3acid or a salt thereof. 3

1. An aqueous solution according to claim?29 or claim

30, furt her corrpri sing a conpl exi ng or chel ating

agent . aqueous sol ution according to claim3 1

: vvhe?@ n Ahénfétbﬁﬁl asGHgingr tehelpk® i &4 einj dhe herssivating
anmong the group consisting of:

eotylingnedicsial isetanbiaadeviihca aairier(BBTA) and its
derivatives and organi c acids. 33. An aqueous sol ution
according to any of clainms 29 to 32, further

conprising a surfactant. 34. An aqueous sol ution

accor dgng po rﬁhﬁhio@ %coﬂﬁlﬁge'té‘ bA¢ Prel aft AMimlsS 15 to 19,

chosen anong the group consisting of: block

SRRl TR B ohe bRk A ESuiln el M aREAF B horay in

accordi ng. to an E claims 29 to 34, wherein the
adiedRre” meﬁit?tﬂﬁ’se Rt%i ns an organic solvent in

addition to water. 36. An aqueous sol ution according

to claim35, wherein the organic solvent is an

al cohol . 37. An aqueous sol ution according to any of

cl ai nR729 Aoni@bhod according to claim 26, wherein the predetermined

atmosphere is an inert atmosphere.

28. A semiconductor device manufactured according to the method

of any one of claims 15 to 27.

29.  An aqueous solution comprising an organosilane according to

any of claims 1 to 9.

30. An aqueous solution according to claim 29, further comprising

an organic acid, hydrofluoric acid or a salt thereof.

31.  An aqueous solution according to claim 29 or claim 30, further

comprising a complexing or chelating agent.

32. An aqueous solution according to claim 31, wherein the
complexing or chelating agent is chosen among the group consisting of:
ethylenediaminetetraacetic acid (EDTA) and its derivatives and organic

acids.



10

15

20

25

wherein the concentration of organosilane passivating
coupling material lies within the range of 0.001 to

waosdrlogeommss of organosilane with respect to tPEI/EP2006/065903

overal | mass of the aqueous4sol ution. 38. An aqueous
sol ution according to claim 37, wherein the
concentration of organosil ane passivating coupling
material lies within the range of 0.01 to 3% by nass
of organosilane with respect to the overall mass of
t he aqueous sol uti on.
33.  An aqgueous solution according to any of claims 29 to 32, further

comprising a surfactant.

34. An aqueous solution according to claim 33, wherein the
surfactant is chosen among the group consisting of: block co-polymers built

from blocks of poly(ethyleneoxide) and poly(propyleneoxide).

35. An aqueous solution according to any of claims 29 to 34,
wherein the aqueous solution contains an organic solvent in addition to

water.

36.  An aqueous solution according to claim 35, wherein the organic

solvent is an alcohol.

37.  An aqueous solution according to any of claims 29 to 36,
wherein the concentration of organosilane passivating coupling material lies
within the range of 0.001 to 10% by mass of organosilane with respect to the

overall mass of the aqueous solution.

38. An aqueous solution according to claim 37, wherein the
concentration of organosilane passivating coupling material lies within the
range of 0.01 to 3% by mass of organosilane with respect to the overall mass

of the aqueous solution.



