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the chips generally calls upon the use of through wafer vias.
35 The basic technologies necessary for producing three-dimensional
integrated circuits especially comprise slimming of the silicon wafers, alignment



15 simlar manner to the "Damascene process” used in the field of

m croel ectronics for the manufacture of interconnection el enments of

i nt egr at edlocbrio2Pees, accordi ng to a sequence of steps cecprEPIngs321€t chi ng
of the vias in or through the silicon wafer; - deposition of an insulating
dielectric layer; 20- deposition of a barrier layer or "liner" that serves
to prevent the mgration or diffusion of copper; deposition of a copper
germnation layer; filling of the vias by el ectrodeposition of copper; and
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- deposition of a copper germination layer;
- filling of the vias by electrodeposition of copper; and
- removal of the excess copper by mechanochemical polishing.

25 The insulating dielectric layer may be inorganic (generally made of silicon
dioxide SiOs, silicon nitride SiN or aluminium oxide, for example), deposited by
CVD or the like, or organic (parylene C, N or D, polyimide, benzocyclobutene or
polybenzoxazole, for example) deposited by dipping in a liquid medium or SOG
method (spin-on-glass).

30 The copper-diffusion barrier layer is generally made of tantalum (Ta),
titanium (Ti), tantalum nitride (TaN), titanium nitride (TiN), titanium-tungsten
alloy (TiW), tungsten nitride-carbide (WCN) or a combination of these materials,
and is generally deposited in the vapour phase (PVD, CVD or ALD).

This barrier layer may be formed from other metals such as, in particular,

35  an alloy based on nickel or cobalt via an electroless route.

Thus, patent application US 2005/0 110 149 describes a process for



The copper germnation |layer is generally nmade via physical or chemcal 20
deposition processes using a vapour phase. G ven the drawbacks resulting
from t heswotzetiimbspoes, i ntensive research has been condecra®2eio/op20vi de
novel conpositions for producing a coppgr gernination |ayer via an

el ectrochem cal route. In this context. the present invention relates, in
its currently preferred 25 application, to the preparation of through
waf er vias of three-dinensional integrated circuits in which the insulating
dielectric layer is forned at Ieast partly froman organic polyrrer and nust

be coveted with ailletallie er via au ectroless_ route. aimof the
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In addition, these processes were developed for the manufacture of an

interconnection system etched onto an insulating dielectric layer of inorganic
nature.
The copper germination layer is generally made via physical or chemical
20  deposition processes using a vapour phase. Given the drawbacks resulting from
these techniques, intensive research has been conducted to provide novel
compositions for producing a copper germination layer via an electrochemical
route.
In this context, the present invention relates, in its currently preferred
25  application, to the preparation of through wafer vias of three-dimensional
integrated circuits in which the insulating dielectric layer is formed at least partly
from an organic polymer and must be covered with a metallic layer via an
electroless route. The aim of the present invention is to solve the technical
problem that consists in providing a composition combining, within a single
30  solution, all of the components for activating the polymer surface of a substrate,
such as a semiconductive substrate bearing an insulating layer, for the purpose of
its subsequent covering with a metallic layer deposited via an electroless route,
and then with a copper germination layer, leading to multilayer structures with
excellent adhesion between the layers.
35 Thus, according to a first aspect, one subject of the present invention is a
solution for activating the surface of a substrate for the purpose of its subsequent



20 pal | adi um conpl exes of fornmula ha or Iib 2+ (11a) in which: - R and R2
are as defined ahovk. and 25Y represents a counterion conprising' tw
neati ve cwargam2bksned: either Iron] two nonoani ons. pr eCemreyroobizsen From
thc : PF* :: NO :LSO - or froma diankon. prelerahly SOL '111 ed 5

B) a hinder formed fromone or nore organi c conpounds chosen fromthe group
formed by conpounds conprising at |east two glycidyl functions and
conpounds conprising at |east two i socyanate C) a solvent s\ su.sin
formed fromone or nore solvents capabl e of dissolving said activator and
said binder. In the text hereinbel ow,  t e,conpqund of formul aea) and (1)
may he col | egtevas With gf griddayy d@ostehpyHutse Bqtm?%‘sls gpigs (Spid surtace

Accor di ng t ocRRBLRAELGNAY oLhpoREIeebi Sdtherivihg htieast ouemich dormedHi@msol uti on

conprises: 10- the activator in copgcentration of from 10, o 10-2 M
preferably ff?‘aﬁ?}ir(ﬂ“% bR %’-aéeal\;l%gﬂ%‘yﬁﬁ?lewpgfé%eF%Flﬁh?’rg] Sﬁrﬁcggfgl- "Mto 5x104
M - tdierdotanded in that@it conmentration from 10-5 Mto 10.1 M preferably
from104 Mto 102 M 086 NLHERABYof 1R Bk MhRIRXL) ol

In an entirely nov manner, the activator o e solution in accordance
15wi t h t he ifv@nkd geup sorfsdisd from one or nore pal | adi um conpl exes
corresponding to fornulae (1) and (I1) defined previously. The
conpl exes of faq la (1) may .be prepared by reaction between a palladi um
salt of for HUPQ{“E%IIF?O% @ %t%?ﬁ“g’d%ﬁgus bidentate |igand of fornula (1V)
according to the follow ng reaction schene:

)

R1—N N—R2

NV
&
XN

10 D

in which:
- R1 and R2 are identical and represent H; CH,CH,NH,; CH,CH,OH;
or R1 represents H and R2 represents CH,CH2NH>;
15 orRI1 represents CH,CH,NH; and R2 represents CH,CH,NHCH,CH,NH;;
or R1 represents H and R2 represents CH,CH,NHCH,CH,NHCH,CH,NH;
- X represents a ligand chosen from the group formed by CT'; Br’; I'; H>O, NOs;
CH;S0;57; CF3S057; CH3-Ph-SO37; CH3COO

20 e palladium complexes of formula Ila or IIb

— — 2+ — — 2+
RI—N N—R2 . RI1I—N N—R2
N, Y2 N, .
P opd_ Y
R2—N N—RI1 R1—N N—R2
in which:
-R1 and R2 are as defined above and
25 - Y represents a counterion comprising two negative charges formed:

- either from two monoanions, preferably chosen from the group formed
by CI'; PFs’; BF,; NO3'; CH3SO;37; CF3S057; CH3-CsHa-SO57; CH3COO
_ or from a dianion, preferably SO4”;



/\ HCL, 0.2MR-NN-R N /Pg X X /' \' R-NNR2 200MIV) (1) in
which X. Rl and R2 have the neani ngs defined previously. Nl ore
speci fi k.wal2bu/o2esepal | adi um salt of formula ( | 11) is ecsspRémaecizmo an
ziqueous 0.2 NI hydrochloric acid solutkon at a tenperature (4 between
40". (2 and 7580-C. preferably about 60 C for a period from10 to 20

m nutes_ preferably about 20 mnutes. to obtain the sol uble conpl ex of
formula (12. PdCf.. At the endthe reaction, one equi\ alent of a
nitrogenotts bidentate |igand of formula (1V) is added to the reaction
medium which is nainptained a tenperature of bet C\:Jé]gndc. g[gef e{ably

about (.7))..C fBFaaingey '06‘&‘3‘5‘)1{‘%%? one Or. Mg, (rEanin CAFRYUIEY PHONER IO G0y r 5
gioi%)oﬁr t Eﬁaﬁo\éei’@g?ffﬁfem{ ggg%d_@c(uk‘ids 'cBhipeisiadditt feasnt ©fo gheidyl pimcticms |4 i n a
and the sol ig‘ﬁf”?%oél?l ?J%mfl%mt’;?g(e?é}tlgég{‘%en}rsgchali}gttezﬁJfCl fzag%;i Iont ihﬁnaqso?\eg:\?f e?o?ff
i nst ance et hanol . CPx efobreantsiysteiny fornted  §toar tanagopaneradialysnéomsping afs
pal | adi urg ¢ hili%dhqﬁg said activator and said binder.
In the text hereinbelow, the compounds of formulae (Ila) and (IIb) may be
collectively referred to as “compounds of formula (II)”.
According to one particular characteristic of the invention, this solution
comprises:
10 - the activator in a concentration of from 10°Mto 107 M, preferably from
10° M to 10 M and more preferably from 5%10”° M to 5x10™* M;
- the binder in a concentration from 10° M to 10" M, preferably from
10 M to 10> M and more preferably from 5x10 M to 5x107 M.
In an entirely novel manner, the activator of the solution in accordance
15 with the invention is formed from one or more palladium complexes
corresponding to formulae (I) and (IT) defined previously.
The complexes of formula (I) may be prepared by reaction between a
palladium salt of formula (II) and a nitrogenous bidentate ligand of formula (IV)

according to the following reaction scheme:

HCL, 02M R—N N—R
TN il o
PdX, + RI—N N—R2 > \/pd/
X X
20 (i (V) 0]

in which X, R1 and R2 have the meanings defined previously.
More specifically, a palladium salt of formula (III) is dissolved in an
aqueous 0.2 M hydrochloric acid solution at a temperature of between 40°C and
25 80°C, preferably about 60°C, for a period from 10 to 20 minutes, preferably about
20 minutes, to obtain the soluble complex of formula H,PdClL.
At the end of the reaction, one equivalent of a nitrogenous bidentate ligand
of formula (IV) is added to the reaction medium, which is maintained at a
temperature of between 40°C and 80°C, preferably about 60°C, for a period of 1
30 to 3 hours, preferably about 2 hours, to give the complex of formula (I). The
addition of the ligand results in a colour change of the reaction medium.
The solvent is then evaporated off and the solid residue is treated by

to



PdC12. Alternative] r the palladiumsalt of formula (l111) may be
replaced with a palladiumat of fornula PclX 12-, such as K :.1k1Cl.:,

Li 2PdC1. avoNaR2@b4 or (NH )j)(1(71.:. :Ns preferred exaopiEpsoiofcim ne
derivatives or formula (1that may be usgd in the context of the present

i nvention. nL.:ution wll he made especially of the foll ow ng conpounds:

10- diethylenetriam ne (conmpound of fornmula (IV) in which R represents a
hydrogen atom and R2 represents a CH2CH/NH2) ;

N, N - bi s(2- hydr oxyet hypet hyl enedi am ne (conpound of for mula (1V) in which
Rl and R2 are identical and re resent CH2CH2 An am ne
conpound tha"teciyétaﬂ%a??%m%?q ymg’r 8t WP iaBeF §iha context of the 15present
invention is di etlf’t)éfe@mia[i?/amd"lemmng paliéﬂﬂﬁncmmmé&sopa}fzﬂmlcaﬂc(ride) may be
prepared in L Rnner simlar to the preparation of the conplexes of formula
(1) accordlng 6 the follow ng reaction schene: /\
RI-N /N Pd R2- N7 Alternati@y, tbe m&adz@m@imfzfoewia RILD-1npy bR2eplaced with a

5 palladium salt of formula [Pqu,} , such as K,PdCly, Li,PdCly, Na,PdCly or
(NH4),PdCly.

As preferred examples of amine derivatives of formula (IV) that may be
used in the context of the present invention, mention will be made especially of
the following compounds:

10 - diethylenetriamine (compound of formula (IV) in which R1 represents a
hydrogen atom and R2 represents a CH;CH;NHy);

- N,N’-bis(2-hydroxyethyl)ethylenediamine (compound of formula (IV) in
which R1 and R2 are identical and represent CH,CH,OH).

An amine compound that is particularly preferred in the context of the

15  present invention is diethylenetriamine.
The complexes of formula (II) may be prepared in a manner similar to the

preparation of the complexes of formula (I) according to the following reaction

scheme:
— — 2+
R1—N N—R2
I \ /1 YZ_
e Pd\
R2—N N—RI1
VRN HCL, 02M p—
PdX, +2eq. RI—N N—R2 e L. -
(lia}
. - 24
g ) RI \'m\: R2
N NTKL
~N. 5
+ /Pd\ Y
Ri—N N—R2
S

(Iib)
20 in which X, R1 and R2 have the meaning indicated previously.
More specifically, a soluble complex of formula H;PdCly is formed in an
identical manner to that described previously.
At the end of the reaction, two equivalents of the nitrogenous bidentate
ligand of formula (IV) are added to the reaction medium, which is maintained at a
temperature of between 60°C and 80°C for a period of 8 to 15 hours, preferably

[
[

about 12 hours, to give the complexes of formulae (Ila) and (IIb).
Alternatively, the complexes of formula (II) may be prepared from the



(11a) (11b) 20in \\.hicli X. Rl and R2 have the neaning indicated
previousl?. lore specifically. a soluble conplex of fornma H PdG .|"' orned
in an i demoi2edlo2omnner to that decri hed previous: I\ . AprCThP2@0d6i210t he
reaction. t.\\alents of the nitro,,,Nnowss hidentate igand of formula t IV
| are added to the reaction nedium \\ Inch is: maintained at a H bCt WCl11
()(land ,Sfft Cfor a period of to 15 hours. preferabh about 12 hours. to
.give He conple\c!, ot fornulae Mot and MN. Alternati N (21% the conpl exes
of formula ( 11 nma he prepared front the conplexes of fornula |I) by adding

one equival ent of the nitrogenous bidentate |ligand in_a suitahle solvent
and mai nt ai rfiompletse of dappylp )r?é(o*?@ffﬁga‘?mae‘i%%@gﬁ?&h‘é H&O%%?Wﬁgﬁﬁer{tﬁt% dNO C.
Er ef er aFl yt ﬁb;&u& tiz?(a @Qiabﬁ@ﬁcl@eéﬁ ahd adihintglthe idachion _ﬁiﬁgﬁuﬂ[ ef aetga@bméngout 12
ours. In e two es., Lhe reaction, may. acilitat addi ng a
silver salt ¥dH nr@i@ﬁngrﬁton?k?}??"ir%ﬁabg& 1Pe, E‘ﬁéa e t‘}?%nwglfﬁbg%s’gi ven
previously ghiferabsy that 12heurseactlicon theadss t e trowtion snagnie: facdinged bppl exes.
which are t ly..coml , i he case where Rl represents 11 and
R2 repr e?enpl?d%% ﬂyafé%f%ﬁﬁ@%%%@‘é%%%%% skilled in the art will easily
understand that skhatreatiosarhamxeivprsregiouskvapab to i srdipnnaidste tept ai ned
'ng . 18r te Qf Q@sf%ld’@ﬁ{secoﬁlplé&?, xat%ﬁp ;a%ékh% %tﬁ&ﬁﬂﬁm%ﬁh@%ﬁ ifWihE fa?% xﬂ”@ér@g ul ar
er an or equal to that of, ou - e as, been
shown t hat s%kﬁpﬁsi?%ﬁgéﬁm rﬁgﬁﬁ%’ésdgéégﬁﬁlg%'nfg%ﬁppéﬁ%éé? W not
\?\ﬁc ers]sar ily daa?duz}]@r@@dphﬁd stdtgdcdl nigiuve dfReveadsisiongtkxee sl be obtanediinder ,
ich is,one, of t essent i onponent s of. the .sol utio ing to
the 1 nvallci ohe s Terrad viiow SAPEPRHN af el S oL DS e R BEET o
conpounds cahpr bsiengalab theast thengroybyCHdYLNlindt ihendeam dhammploundsh
conpri sing gl | 8ashal ﬁé@%qg?ﬁxgigigﬁ'i@?%a@@ﬁnd do not nd®dsSarf| RA&S 1d Be i Nt ended

to pronote the attachnent O'fgf umto the polyner surface to be
activated. JONSicdusiF &y dpiret fami-c conpounds conprising at |east two
gl yci dyl The binder, which is one of the essential components of the solution

15 according to the invention, is formed from one or more organic compounds
chosen from compounds comprising at least two glycidyl functions and
compounds comprising at least two isocyanate functions.

This binder is intended to promote the attachment of palladium to the
polymer surface to be activated.

20 As examples of organic compounds comprising at least two glycidyl
functions that may be used in the context of the present invention, mention may
be made of compounds chosen from the group formed by 1,4-butanediol
diglycidyl ether, ethylene glycol diglycidyl ether, propylene glycol diglycidyl
ether, diethylene glycol diglycidyl ether, 4,4’-bisphenol A-diglycidyl ether,

25  glyceryl triglycidyl ether and triglycidyl isocyanurate.

A compound that is particularly preferred in the context of the present
invention is 1 4-butanediol diglycidy! ether, also known as diglycidyl ether butane.

Compounds comprising two isocyanate functions may be chosen from the
group formed by 1,2-phenylene diisocyanate; 1,3-phenylene diisocyanate;

30  14-phenylene diisocyanate; 14-diisocyanatobutane; 1,6-diisocyanatohexane;
1,8-diisocyanatooctane; 24-toluene  diisocyanate;  2,5-toluene  diisocyanate;
2,6-toluene diisocyanate; 3,3"-dimethoxy-4.4’-biphenylene diisocyanate; isophorone
diisocyanate; m-xylylene diisocyanate; trans-1.4-cyclohexylene diisocyanate;
1,3-bis(1-isocyanato-1-methylethyl)benzene; 4,4’ -methylenebis(phenyl isocyanate).

35 The binder is generally present in the activation solution in a concentration
of from 10° M to 10" M, preferably from 10* M to 10” M and more preferably
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di ssolving the palladium' conplex i'n conbination wth a solvent such as an
et hyl ene gl y@&?ﬂt@Ph‘eﬁPe@?HEO%P@@W‘e‘ﬁeﬁsg‘feﬂ&w Br<idty, is tormed 0@y EAECsy st em
that is par tétCNL@ézh)qppx&erﬁ@ﬁmd(Nmm hﬁd@wﬂlﬁﬁé&ﬁe ggzccmhammees}erahdr nYR&Ei on,
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N- et hyl oy r r SIRRAVA %éna(yNkﬁ))usg dnﬁ é’f) ehE Y P Swer%’n et RerThese
15conpounds praferdbéy sisend 1i10. a vol ume rati o of bet ween 1:200 and 1:5, and

preferably about 1. 3040 g one éor‘ﬁusergﬁxﬁlq'a}lgnt%‘?hgm%\%}]dﬁe %1%\1;1%' %Jegsla‘ﬁ the

i nvention, which is es %m a he case ere to be
acti vated alwefuddmpird g%eg vglterg é@sﬁmfﬂfie teybe Activirierb dlsp COmPERCOX lgast gy

instance Si Oged Polnh@ fSCaPlox@eSithi GRAMMBAIRG, in the case of a silicon-based
20  semiconductive substrate, the solution according to the invention also comprises
one (or more) organosilane compounds.

Specifically, it has been discovered that such a compound is necessary (o
allow good adhesion between successive layers of a substrate having a “mixed”
structure, i.e. comprising at least one area formed from a polymer and at least one

25  area formed from an oxide, in particular when this surface is subsequently covered
with a metallic layer, especially of NiB forming a copper-diffusion barrier, which
is itself covered with a copper germination layer.

It has also been shown that the presence of one (or more) such
organosilane compounds in the activation solution according to the invention does

30  not harm the adhesion of the layers in the areas of the surface of the substrate
covered with polymer.

According to one particular characteristic of the invention, the
organosilane compound corresponds:

- to the general formula:
35
{X-(L)}40-SIOR)y  (Va)
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- n is an integer equal to 1, 2 or 3;

- or to the general formula:
15
(OR);Si-(L)-Si(OR); (VD)
in which:
-L represents a spacer arm chosen from the group formed from
CH,CH,CH,NHCH,CH,NHCH,CH,CH, and CH>CH,CH,-S-S-CH,CH,CH>
20 -R is a group chosen from the group formed by CHi;, CH3CHo,
CH;CH,CHj; and (CH3),CH.

Compounds of formula (Va) or (Vb) are chosen, for example, from the
following compounds:

25 (3-aminopropyl)triethoxysilane;
(3-aminopropyl)trimethoxysilane;
m-aminophenyltrimethoxysilane;
p-aminophenyltrimethoxysilane;
p,m-aminophenyltrimethoxysilane;

30 4-aminobutyltriethoxysilane;
m,p-(aminoethylaminomethyl)phenethyltrimethoxysilane;
N-(2-aminoethyl)-3-aminopropyltriethoxysilane;
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane;
2-(4-pyridylethyDtriethoxysilane;

35 bis(3-trimethoxysilylpropylethylenediamine;
(3-trimethoxysilylpropyl)diethylenetriamine;



- or to the general formula: 15 (OR)3Si-(L)-Si (OR)3(Vb) in which: - L
represents a spacer armchosen fromthe group forned from

CH2 CH2 CH2NMBICHA@RZRBICH2 CH2CH2 and CH2CH2CH2- S- S- CH2 CH2 CHRCZ2(:P2(R0/063280 gr oup
chosen fromthe group forned by CH3, CH3CH2, CH3CH2CH2 and (Cl-13)2CH.
Compounds of fornula (Va) or (Vb) are chosen, for exanple, fromthe

fol | owi ng conpounds: 25(3-am nopropyl)triedioxysilarie; (3-am nopropyl
)irimethoxvsilane; tri-antinuphenvlitrinetlioxvsilane;

p-am nol)licnyltrinictlioxvsilane: p.in-amnophein Itrimethoxv,ilanc:

Pl Teri et " 11 riNiGrRoRvPxmb ot EIDAERIRII  Tr opyl t 1ol 1| oxvilalle: -t
:2:,- a?;[ | in(r)ﬂ?t Ih%/Ihoz(;/%%@fﬂ?ﬁﬁf{m}rﬂ)ﬁmiln:ﬁmdpiyh)@imbﬂh?_k;jzsel?né::; ridvicth Hricthox 35l nst
> 10 N (et et oy SRR b e SR AL A nel 7 G- ami nohexyl
) ati nnopr opvl t ri nétdipxidassyprdpgherieti@eygdangi doxypr opvl Ari mei | i oxysi | anc;
5 5.6-epoxyhexyltriethoxysilane;
(3-mercaptopropyl)trimethoxysilane;
(3-mercaptopropyltriethoxysilane;
bis[3-(triethoxysilyl)propylidisulfide;
3-chloropropyltrimethoxysilane;
10 3-chloropropyltriethoxysilane;
(p-chloromethyl)phenyltrimethoxysilane;
m,p-((chloromethy!)phenylethyl)trimethoxysilane.

As preferred organosilane compounds that may be used in the context of
15  the present invention, mention may be made especially of:
. the compounds of formula (Va) in which:
X represents an NH; group and
L represents CH,CH,CH,- and R represents CH; (compound known as
(3-aminopropyl)trimethoxysilane or APTMS);
20 or L represents CH,CH,CHp- and R represents CH;CH; (compound
known as (3-aminopropyl)triethoxysilane or APTES);
or L represents CH,CH,NHCH,CH, and R represents CHs (compound
known as N-(2-aminoethyl)-3-aminopropyltrimethoxysilane or DATMS or
DAMO);
25 X represents SH; L represents CH,CH,CH;- and R represents CH;-CHj;
(compound known as (3-mercaptopropybtrimethoxysilane or MPTES);
or X represents C¢HsN; L represents CH,CHa- and R represents CH,-CH;
(compound known as 2-(4-pyridylethyD)triethoxysilane or PETES);
or X represents CHCH,O; L represents CH,>CH,CH; and R represents CHj
30 (compound known as (3-glycidoxypropyDtrimethoxysilane or EPTMS).
or X represents Cl; L represents CH;CH,CH, and R represents CHj
(compound known as 3-chloropropyltrimethoxysilane or CPTMS).
An organosilane compound that is particularly preferred in the context of
the present invention is (3-aminopropyl)trimethoxysilane (APTMS).
35 Advantageously, the concentration of the organosilane compound is
generally between 10° M and 10" M, preferably between 10*M and 10? M and



(3-gl cidoxypropvl )triethoxvsikinc; 55.6-epoxyhexyltriethoxvsilane:
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CL1C I 1:0; Aresenf ;mglqtgme@)hm(ms, 1.12C11.:C112 zIind R repreents: Cl-13
30(conpound known as g - |doxY o 2?10 1r % etlioxydlane or. EPINI'S)

or X repreient C- 304 1@%%@81@%% ore 118 ]ﬁn}(é‘ﬁ?éﬁ’fesc PR h'(E:IBrrpound
known. aN - @BIgﬂjru@ﬁbﬁ@éab}trl ni ctl tOXI | ane OrNi S). orgiino,ilane
conpoun hut k partl gul ar F —Ierriac |n the context. of Il e prnt

i nventi k 3-amnd al(l 35Ath .,tilut..2.0,11t,1 v.

the colic:erg rat i on d{l tdpeesgmtgéi |Pdcpgpzrceents CH,CH,NH; and R represents Cl,
this complex being known as (diethylenetriamine)(dichloro)palladate(Il);

-R1 and R2 are identical and represent CH,CH,OH and X
represents Cl, this complex being known as (N,N’-bis(2-hydroxyethyl)-

15  ethylenediamine)(dichloro)palladate(1I);
- complexes of formula (IIa) in which:

- R1 represents H, R2 represents CHyCH;NH, and Y represents
two Cl, this complex being known as trans-bis(diethylenetriamine)palladate(Il);

- complexes of formula (IIb) in which:
20 - R1 represents H, R2 represents CH>CHoNH; and Y represents
two Cl, this complex being known as cis-bis(diethylenetriamine)palladate(1l);
in a concentration of from 5x10”° M to 5x10™* M;
- a binder formed from one or more organic compounds chosen from the
group formed by 1.4-butanediol diglycidyl ether and 4,4’-bisphenol A-diglycidyl
25  ether in a concentration of from 5x10™ M to 5x10~ M; and
- an organosilane compound chosen from the group formed from the
compounds of formula (Va) in which X represents an NH; group and:

- L represents CH,CH,CH»- and R represents CHj, this compound
being known as (3-aminopropyDtrimethoxysilane or APTMS;

30 - L represents CH,CH,CH,- and R represents CHs, this compound
being known as (3-aminopropyl)triethoxysilane or APTES;

- L represents CHCH,NHCH,CH, and R represents CHs, this
compound being known as [3-(2-aminoethyl)aminopropyl]trimethoxysilane or
DATMS or DAMO

35 in a concentration of between 10 M and 107 M.
According to a second aspect, a subject of the present invention is the use
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According to a second currently preferred embodiment, the substrate

whose surface may be activated by performing the present invention may be a

silicon-based semiconductive substrate, in particular intended for the manufacture

of an electronic device and more particularly through wafer vias for three-
20  dimensional integrated circuits.

The polymer capable of forming at least partly the surface of the substrate
may be chosen from polymers comprising one or more groups chosen from the
group formed by primary amine; secondary amine; enamine; alcohol; thiol;
aromatic heterocyclic (for instance pyridine, pyrrole or thiophene) and non-

25  aromatic heterocyclic groups.

In the present invention, the term “heterocyclic group” means a saturated
or partially unsaturated hydrocarbon-based group with 1 or 2 rings containing
from 3 to 8 carbon atoms per ring, one or more carbon atoms of which (optionally
associated with one or more hydrogen atoms) is (are) substituted with one or more

30  heteroatoms chosen especially from oxygen, nitrogen and sulfur. Such a group
may thus be aromatic or non-aromatic, and monocyclic or bicyclic.

As examples of monocyclic aromatic heterocyclic groups, mention may be
made of pyridine, pyrrole, thiophene, pyrazole, imidazole and oxazole groups.

As examples of bicyclic heterocyclic groups, mention may be made of

35  benzothiazole, benzoxazole, benzoxadiazole and indole groups.
As examples of non-aromatic heterocyclic groups, mention may be made
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-at least one acid in an amount sufficient to stabilize said
diazonium salt by adjusting the pH of said solution to a value of less than 7 and

25  preferably less than 2.5;

b) polarization of said surface via a potentio- or galvano-pulsed
mode for a time sufficient to form a film at least 20 nanometres thick and
preferably between 100 and 500 nanometres thick.

In general, many diazonium salts may be used for performing this process

30  and in particular the diazonium salts mentioned in WO 2007/099 218.

According to one preferred embodiment, the diazonium salt may be
chosen from phenyldiazonium tetrafluoroborate, 4-nitrophenyldiazonium
tetrafluoroborate,  4-bromophenyldiazonium  tetrafluoroborate,  2-methyl-
4-chlorophenyldiazonium chloride, 4-benzoylbenzenediazonium tetrafluoroborate,

35  4-cyanophenyldiazonium tetrafluoroborate, 4-carboxyphenyldiazonium
tetrafluoroborate, 4-acetamidophenyldiazonium tetrafluoroborate, 4-phenylacetic



Accordinc to one particular characteristic. the polynmer is a polynmer that
may be deposited on the surface of the substrate by el ectrogralting.
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15
in which the groups R, to R4, which may be identical or different, represent a non-
metallic monovalent atom such as a halogen atom or a hydrogen atom, or a
saturated or unsaturated chemical group, such as a C;-C¢ alkyl group, an aryl
group, a group -COORs in which Rs represents a hydrogen atom or a C;-Cs alkyl,
20  nitrile, carbonyl, amine or amide group.

Preferentially, water-soluble monomers will be used. Such monomers will
advantageously be chosen from ethylenic monomers comprising pyridine groups,
such as 4-vinylpyridine or 2-vinylpyridine, or from ethylenic monomers
comprising carboxylic groups such as acrylic acid, methacrylic acid, itaconic acid,

25  maleic acid or fumaric acid, and the sodium, potassium, ammoniacal or amine
salts thereof, amides of these carboxylic acids and in particular acrylamide and
methacrylamide, and also the N-substituted derivatives thereof, esters thereof such
as 2-hydroxyethyl methacrylate, glycidyl methacrylate, dimethyl or diethyl amino
(ethyl or propyl) (meth)acrylate and salts thereof, quaternized derivatives of these

30 cationic esters, for instance acryloxyethyltrimethylammonium chloride,
2-acrylamido-2-methylpropanesulfonic  acid (AMPS), vinylsulfonic  acid,
vinylphosphoric acid, vinyllactic acid and salts thereof, acrylonitrile,
N-vinylpyrrolidone, vinyl acetate, N-vinylimidazoline and derivatives thereof,
N-vinylimidazole and derivatives of the diallylammonium type, for instance
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ni ononi ci thaiyi.s particul arIy preferred in the context of the present

invention is 1 vinylpyridin
20 - a polarization tlme Ton of between 0.01 and 1 s and preferably of about

0.02 s, during which a potential difference or a current is imposed at the surface of
the substrate; and

- a rest time at zero potential or current of a duration of between 0.01 and
1 s and preferably of about 0.09 s.

25 According to a third aspect, a subject of the present invention is a process
for activating the surface of a substrate so as to subsequently cover it with a
metallic layer deposited via an electroless route, said surface being formed
exclusively from a polymer or comprising at least one area formed from a
polymer and at least one area formed from an oxide, especially a silicon oxide,

30  characterized in that it consists in placing said surface of the substrate in contact
with a solution as defined previously.

Preferably, this activation process is performed at a temperature of
between 50 and 90°C, for a duration of from 1 to 30 minutes and more preferably
at a temperature of between 65 and 70°C for a duration of 5 to 15 minutes.

35 The placing in contact of the surface of the substrate with the activation
solution in accordance with the present invention is advantageously performed by
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salt(s) being between 10 and 300. In the case of the preferred
application of the invention to the manufacture of three-di nensional
integrated circuits, the use of an electrografting protocol in pul sed node
i s advant ageously used so as to obtain a continuous, uniformfilm 15w th

grow h kinetics that are conpatible with the i ndustrl al constraints.
I'n general, PORGHBEILRRIPRCLEOAHEBHFFEEEhE FCHRteBYeNEE Wi th the filmis

perforned in a pwl:zﬁ@qiy npeledingas h fevel sspett, mtg&tlastwe@@t piveesh oy
a total period P 5

f 2°s and preferaply o bout. 0.11
20- a pol ar.%&F?SBﬁOFtW?%‘\?B W}’&’f&b‘g?&@él?f GVHE- sHpP “@ﬁags%(&?fésﬂi 03 ‘of aboat
0. 0f2 s, during whi)chtieatipgt ntsuafcdof faesubricge orcla aguitr paticilgr, iavypbsed at t he
surface t e n I
current ﬁ a‘;'a 8? ;L?ig Oifa% sabg erface bebriga f&gx?etf tek&ﬁia;%iye?er a%ﬁ%gg?legb%ut 0. 09
s. 25Accor di evgnpr{sjngaattlpast anfa@r@éé@meéi fsomjegdyper @de%@z@fs@mﬁ aepf@ntedon is a

process for ﬁ&h'a\ﬁ%ﬂd&@e%&@mﬁ?"afsﬁﬁ%n%&it& Wﬁﬁh&atssid%gr@& fnQostibsRanant | y
cover it with a netall laver deposited 1Ta an “clectrol ﬁ% rouhg aé)?a
| east

surface bei rgplution fsoiﬂ‘ﬁf&? SREY Q8P Y e RICFHRRY &t GolSPRRSFALEE VESH
one area forged, fsronpaideosi from mﬁ%(aﬁnﬂmsandqnereqxre@rw ned tehwpemtare () Ni de.
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partially, with a first inner layer of an electrically insulating film-forming
polymer, with a metallic intermediate layer forming a copper-diffusion barrier,
and with a copper germination outer layer.

The process in accordance with this further aspect of the invention may

20 use any metal that can be deposited via an electroless route onto the activated
surface of the substrate.

For the preferred applications of the invention, a metal chosen from noble
metals and transition metals, and alloys thereof, will preferably be used. These
metals may be alloyed with elements such as phosphorus or boron or a mixture of

25  these compounds.

Such materials, and in particular materials based on nickel or cobalt,
constitute barrier layers that are particularly advantageous for preventing the
migration or diffusion of copper.

Excellent results were obtained in the context of the present invention with

30 nickel alloyed with boron.

The deposition of a metallic layer via an electroless route is a process that
is well known to those skilled in the art.

In the context of the present invention, the coating of the activated surface
of the substrate is performed by placing this surface in contact with a liquid

35  solution, which is preferably aqueous, containing:
- at least one metal salt, preferably in a concentration of between 10°M



16 i mersing the pol yner-coated substrate in the activation solution.
-Finally. according to a fourth aspect. a subject of the present invention
is a procwe0fianssanuf act uri ng an el ectroni c devi ce, CORPTIEPRONG/0632¢0 St eps
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oxi de. by placing, said surface in contact with a solution as defined
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salt. preferably pnua GARGERE HRt bRReMfinb&kWRER PréthrrM Mcing agent is a
2011/ 02928060PCT/ EP2010/ 0632

borane derivative suc%gs,lirz particular, dimethylaminoborane (DMAB).

The stabilizer may be chosen from the group formed by ethylenediamine,
citric acid, acetic acid, succinic acid, malonic acid, aminoacetic acid, malic acid or
an alkali metal salt of these compounds.

In the context of the present invention, a preferred stabilizer is citric acid.

25 In general, the metal layer may be made by dipping into the liquid solution
defined previously, at a temperature of between 40 and 90°C, preferably at 70°C,
for a period of 30 s to 20 min, depending on the desired thickness of the layer.

According to one advantageous embodiment, this layer may be annealed at
a temperature of between 200 and 400°C, preferably at 250°C, for a duration of

30  between ! min and 30 min, preferably about 10 min, under an inert or reductive
atmosphere.

In the context of the preferred applications of the invention, the process
that has just been described will be completed by a step for forming an additional
copper germination layer.

35 Advantageously, the copper germination layer may be made via a wet

electrodeposition process comprising:



and 1 NI ; - at | east one reducing agent, preferably in an anmount of
between 10 Mand 1 M - optionally. at |east one stabilizer,

pr ef er ablwoizntiznesnount of between 510-1M and | NI ; andPCT/EP2010/06321@t i ent
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el eet r odeposptdvitled that' iOGEficME] 2 Ak161029B6 QPCT &R211 0f f321@ich8and does  a) the
5{ ai(:lozg Cloprp?x}%g:irg%&erg fwitthhtﬁe &%Et%deﬁ&ﬁfi&ﬁ?it%nb@&ﬁﬂ%&%& with a liquid sol

In general, the source of copper ions is a copper salt such as, in particular,
copper sulfate, copper chloride, copper nitrate, copper acetate, preferably copper

20  sulfate and more preferably copper sulfate pentahydrate.

According to one preferred embodiment, the placing in contact of the
surface to be coated with the liquid solution is performed without electrical
polarization, i.e. without imposing an electrical current or an electrical potential
relative to a counterelectrode or relative to a reference electrode on this surface,

25  prior to the electrodeposition step.

There is no restriction in principle on the step for separation of the
substrate coated with the copper germination layer after the formation of the
coating.

In this process, the step for forming the coating by electrodeposition is

30 performed for a time sufficient to form the desired coating. This time may be
readily determined by a person skilled in the art, the growth of the film being
dependent on the charge, which is equal to the temporal integral of the electrical
current passed through the circuit during the deposition time (Faraday law).

During the coating formation step, the surface to be coated may be

d
W

polarized, either in galvanostatic mode (fixed imposed current) or in potentiostatic
mode (fixed imposed potential, optionally relative to a reference electrode), or



- at | east one solvent: copper ions in a concentration of
between 14 and 120 nM and preferably 5between 16 and 64 inN ;

et h vl enesiDam 9860 the nole ratio between the ell pCraredioasizne and

t he copper being between 1.80 and 2.03; 9 the pl-1 of said conposition
bei ng between 6.6 and 7.5; 10b) polarization of said surface for a tine
sufficient to formsaid copper germ nation | ayer. According to one
preferred enbodi nent, this |liquid solution conprises copper ions in a
concentration of between 16 and 64 mM the nole rati o between the copper
ions and the ethyl enedi am ne preferably being between 1.96 and 2.00. 15
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20 This process made it possible to produce copper germination layers with a
thickness of between 50 nm and 1 pm, preferably between 200 and 800 nm, for
example about 300 nm, on the metal surface forming a copper-diffusion barrier in
a structure of “through wafer via” type.

The invention will be understood more clearly on reading the description

25  of the non-limiting examples that follow, which is given with reference to the
attached figures, which represent, respectively:

Figure 1: Schematic representation of a pulsed electrografting protocol
that may be used for the formation of a polymer film at the surface of a substrate.
Figure 2: Schematic representation of a galvano-pulsed protocol that may

30  be used for the formation of a copper germination layer.

Figure 3; Scanning electron microscopy of an Si-P4VP-NiB-Cu stack
obtained in Example 1.

Figure 4: Scanning electron microscopy of an Si-P4VP-NiB-Cu stack
obtained in Example 4.

35 The examples that follow were performed at the laboratory scale.

Unless otherwise indicated, these examples were performed under



5In genera this step may be pertbrned by inposing current gaps
correspondinE. to a maxinumcurrent per unit area in a range fromO.6

i NA.cm - wWo2a0va2e8s0cm and nore particularly froml i nA eCm/EPe015/063240 cm and
a mnimumcurrent per unit area in a rapge fromO mAk.'"in to 5 mA. cm and
preferably O ni A .etn2. 10Mbre particularly, the duration of polarization at
t he maxi mum current nay be between x10-3 and 1.6 seconds and preferably
between 0.1 and 0.8 second, for exanple about 0.36 second, whereas the
duration of polarization at the mninumcurrent may he between 2x10-3 and
1.6 seconds, and preferably between 0.1 and 0.8 second, for exanple about
0. 24 second. SIMY*?WY@@P&W%SIS%@ qeadienp 6408t A& Hedar HgoYthl anytisp
depends on thghig@sdif, edtthé eéar@@m uedd the ealbddirectly corhfe@RNBT Rltho@ person
skilled in the art will easily determ ne the nunber of cycles to be

per f or ned, ”9BWTFWE%?ﬁﬂhder the preferential conditions, it has been
observed that the deposition rate is about 0.3 nm per second. 20This

process de. Si , odu e 1 i e i a
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barrier in : Wl o Vehéy - sdyjvention
Wil be underSLafle  Buladiiad OHEletahela KbpotE Sontaining o BT
non-iimti mAmeleNtpl es that follow, which is given with reference to the
attached figures. which represent. respectively: FOre 1: Schematic

j he used for

e R B AN S L e
Sdi ci nat | ¢ 4epypsedinaipobmear a gal vano- pul sed protocol that may used |on
the formation of§§¥sg%%§&Ngernination Fi gure 3: Scanning el ectron
m croscopy of an “Si= -NIB-C u stack obtained in \mirk' 1. FOre 4:

Scanni ng el ect i odBfthignexgmplg. 2 Rrdeped  spliconaeaapebtvaithadids medhpf ¢ an 351 he
et \harrp! es t f{g_tx 4 fﬂq} @I%t a \ﬁﬁ&&e@@bﬁlm @, With d ﬂe%i@ti*l'i%b@{f @% Qlcny, wa&aled ad. ' nl ess
otherw s I nNaj cat e . Se exa S e perrtor . unaer

2011/ 029860P t‘éﬁﬁzg})@% BE3BAE o) 2k e HEPE § éfrl&}b"rﬁgfg‘ﬁfépaé{ﬁ%lﬁﬁm&%‘% gm)

condi ti ons ,dhatite @586 under about | atn) in anibient air. and the

remrents used wep ' di |y Qgggr ially. t her peri
i cation. 5Exanple %:QB§%¥E§%F6%E$%?‘gﬁge ecggg éé%“%%%%%i/FL%&bp?éé
substrat e cdftseebmsi t h

a2) Deposition of a laver of poly-4-vinyipyridine (P4VP) onto the surface

20  of the substrate by electrografting:

Electrografting solution

The electrografting solution used in this example was an aqueous solution
prepared by introducing 5 ml of 4-vinylpyridine (4-VP; 4.5x10” mol) in 95 m} of
IMHCI, followed by adding to the mixture thus made 236 mg of

25  4-nitrobenzenediazonium tetrafluoroborate (DNO>; 1x107 mol).

Protocol :
To perform the electrografting on the silicon substrate a system was used
composed of :

30 - a sample holder equipped with means for rotating at a predetermined
speed and configured to support the substrate, the assembly thus made being
intended to serve as working electrode;

- a sheet of carbon or platinum intended to serve as counterelectrode;
-a stabilized electrical supply and a device for placing in electrical

35  contact;

- a light source (halogen lamp, 150 W) placed in front of the substrate and



a layer of poly-4-v in:dp)ridine using a solution according to the inention
contai ning a palladium conplex and a conpound containing tNA o glycidyl In
nctions MWaRoArepwnati on of a silicon-based substrate wprCh/ER260/0632¢@ f or med
froma 4-vinylp ridine polyner: al) Subsgirate: In this exanple, a

P- doped silicon coupon with a side length of 4 cm (4 x 4 cm) and a

t hi ckness of 750 pm with a resistivity of 20 Qcm was used as
15substrate. This substrate had at the surface a relatively thin |ayer
(less than 4 nm of native oxi de. The substrate was cl eaned with

hydr of | uoric acid %.v/ for 10 o 20 seconds
Deposi ti on ofdHPPesly @Ptﬁog‘ﬂ“’ﬁ yIN Ay i R}? |adf OSEYH) °Bne SP#QC%B%F}E‘Ce 200f

t Ihe subst r?t &xﬂgﬁ'aﬁl &chareerraodngad ﬁm@cmqgﬂm tuxn@ ol edsepThe lamp Wire

el ectrografti n_used i S ex S 0

prepared by Pﬁ??@%ﬁﬁ?lﬁﬁu?oﬁe u’r”‘gcmi o pyr| .%%0(3‘%%%@539{%%&) in 95
m of 1M HC1waf;dldrmmddﬁyomﬁn@ete@pftrheem xture thus made 236 ng of

254-ni tropenzenedigt Qf%héz‘%rﬁﬁﬁxﬁacff'wp@%%@ G- ofi hd XiHBord s&‘&h}ate Prot ocol

| performthe el ectrogra l'icon substrate a Nv:t wa? ti,ed
conpoed of 3performed:hy; Wmoémﬁd}lndé? sehttimispalaced inh‘f"i‘%ﬁ‘é’ér?ef%?hqﬂétaéﬁlsﬁﬁedat a

1) IVCICLTH bi |t Gd ®pesst @0dp&oRf zhgté&g@pte@ zsugca@mo plh@e(st&&uroah@mcmhe
assenbly thus madf bei r;)??dﬁntend d.to

- t
sheet of car B! [ aPFsisHTREnyag (’If(zgx’ %ro 1“@%&?@%@?‘&%? ‘r‘erbgée
stabiliyed eb;em;ﬂe)cal s.uppl\ and a device for placing in electrical
cont act : -allg t of th
substrate and V\Of: #B%@%ﬁ%ﬁ%@%@%&%g‘%ﬁ@i%ﬁﬁgBE%’ w@ﬂ flol ter((a s),
so as to obtain a-ai@ﬁtperiﬂ@é’n)s“l@tly sspoitdhe surface of the substrate of

bet ween 2000 and 69?913}153%1&4@99 ToH%f 02t Qb@n&@tﬁﬁ)g wilfog a' @ septigced for
thi's purpose about fromthe surf ace of the sanple. The substrate was

i |lum nat ed tiﬁfeffﬁ’@ﬁ{? t13tYhés @PpbiediaeEnt . 5The el ectrograki ng of P4VP onto the
surface of the silkgeqingubisier at gervasotential, written as “Toff”, of a duration of

15  0.09 second.

The duration of the electrografting step depends, as may be understood, on
the desired thickness of the insulating polymer layer. This duration may be
determined by a person skilled in the art, the growth of the layer being dependent
on the applied potential difference, the light intensity and the Ton and Toff values.

20 Under the abovementioned conditions, a layer of polymer (P4VP)
200 nanometres thick was obtained.

Once the electrografting was complete, the polymer-coated substrate was
rinsed several times with water and then with dimethylformamide (DMEF),
followed by drying under a stream of nitrogen.

25
b) Activation of the surface of the substrate:

b1l) Preparation of the palladium complex:
802 mg (4.52 mmol) of palladium chloride PdCl,, 50 ml of deionized
water and 1 ml of concentrated hydrochloric acid (37%, d=1.17), i.e. an acid
30  concentration of 0.2 M, were placed in a 250 ml one-necked round-bottomed

flask. The mixture was heated at 60°C for a time of 20 minutes in order to

dissolve the palladium chloride and thus to obtain a red-brown solution of
HoPdCla.

0.500 ml (4.58 mmol) of diethylenetriamine was added to the solution thus

35  obtained. This addition caused a colour change of the solution from red-brown to

orange-yellow.



performed by inposing on the substrate. placed in rotation beforehand at a
speed of 10 to 200 rpm (50 rpmin the exanple), a "potentio-pul sed-

el ect r ochwoi2enlo2pseot ocol for a predetermined tine of ab@ui/E£2a410/08210m nut es
(10 minutes in the exanple). 10Figure bLsillustrates the el ectrochen cal

protocol that was used, with: a total period P of 0.11 second; a
pol ari zation time Ton of 0.02 second during which a cathode potenti al
difference of -15 V is applied; and aresting tine at zero
potential, witten as "Toff', of a duration of 150.09 second. The

duration of the electrografting step depends, as.nay he derstood, on the
desired thi cknessllsfreafion madipEMyagRyBRyKe At @%gﬁﬁ“? a%‘l"ﬁt}?rg 4t on may be

get ergi nf:d by a pﬁﬂeslg@vﬁki\bise@vdpﬂfdt&?ﬁmén at deargreoupdraof. The rdrayieingbei ng
ependent on the applie ot ent | rence, e light.in i and the
Ton and Toff*"'cisl’gl‘h‘fég A @E’ﬂﬁﬁﬁg %toﬂég%tbecdg%‘/aé‘r?gﬁq g%ﬁéaéé}cécgn%{% %P%Hnaéi,n}ng ?Ilél }e/ef of

plol yner (P]flVdR) faQuinapdndt P&, t i che viasn obt gicHedish needlesOfpieldi=h83%).

el ectrografti G9lst tHhe. - = egdsubstate was rinsed

sever al t?rregp%%%%?ér'ﬁgrggﬁ%ﬁgﬁ’ %@%ﬁ%%gﬁ?] 8??#%7132 (DVF), followed by
dryi ng under a sthZdhenstationtof dipedetivaipmspjutinsraceeingio gic IMK@LOLT f ace of t he

substrate: b I'J Ry gjupr Gk tdigplePabtAidUm sepnml)exXére dissolvedB@210 mil:of (4. 52
11111101) of pall agfigum,c.hl 0% Pa*, 50 m gf deionited water and |
1111concent r Yt@ehY Ry FELHPS Bld (37(i. (1=1.17). i.e. an acid.
30concentration 040 &1 2f dictiyleddChiVegl mosektliyl | etider, Th( Jnl Ldfithe NME-sb)u@CkCd

round-bojtoned flask, T m xt ur e, was . f L1 e..of order
to dissok c ?%éa‘%lgglt%%ﬂr‘}%dgﬁ? SPRE T h?%%ig’tl %%gg%qﬁéﬁlgyla&frleer&%érr{g'm%grg ol ution
of 1121) 60 introduced i@to500canh]1dryiflazk. B8 whale oy mokedigi dtirtking.enet ri amine wits

added to the sol uanchis daabialaedr niiguagdi tion caused it _col our
chanile of the s 'T*E'r‘b‘m.‘r@a%‘r‘(mﬁ"rﬁg)’r‘am e-yel | ow. 2. The reaction
nmedi um was nai nt al fetixdgrepotameddrory the g )“ZQSH%SH‘F%‘F to about 6%%3%%71\?ent was
re\égrpog ?t |e|d og%stlgae %ré’p@{e@ri%( ﬁ@p @E@h@_&d pz%?ﬁéxglgmsnhﬁgerm t}ldrem&r about
vstallized from anol Lo give . a adi u | ex of
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Preparation of the activation solution accordinu to the invention:

¢) Deposition of a metallic layer of NiB via an electroless route

c1) Extemporaneous preparation of the electroless solution:

20 31.11 g of nickel sulfate hexahydrate (0.118 mol), 44.67 g of citric acid
(0.232 mol) and 58 g of N-methylethanolamine (0.772 mol) were successively
placed in a 1 litre container. The final pH was adjusted to 9 with the base and the
total volume was adjusted to 1litre with distilled water. The solution was
stabilized with 0.111 g of thiodiglycolic acid (0.739 mmol).

25 To nine volumes of the solution, just before its use in the following step,
was added one volume of a reductive solution comprising 28 g/l of
dimethylaminoborane (DMAB; 0.475 mol).

¢2) Formation of a metallic layer of NiB for forming a diffusion barrier:
A metallic layer of NiB was prepared on the “activated” surface of the

30  substrate obtained after step b) by dipping in the electroless solution prepared
previously and heated to 70°C, for a duration of between 30 seconds and
20 minutes, depending on the desired thickness. In this example, the dipping time
was 4 minutes to obtain a metallic layer thickness of 70 nm.

The metallic layer thus obtained was annealed at 250°C for 10 minutes

35 under a reductive atmosphere (N; + Hy mixture (5% Hy)).



8 nua of the conplex obtained in step b 1) were dissolved in 10 nil of

N- et hyl pyrrolidinone (N N P). 50 m of diethylcne glycol

noneet hylwetzhewo29860 mi of t he NVP sol uti on 10cont ai ni ng PCinEPp@iooaztiium

conpl ex and 0.345 m of diglycidyl ether butane were introduced into a
clean, dry flask. The whole was m xed by stirring. b3) Treatnent of the
surface of the substrate: The m xture obtained fromthe step b2) was
brought to about 65C and the substrate prepared in step a) descri bed
previously was i nmersed therein for about 1510 m nutes. The substrate thus
treated was then rinsed thoroughl y with deionized water and dried under a
stream of ni®rksgaationgf B P dYebt al lic layer of NiB via an

el ectrol ess st cl) Ext errporaneous preparation of the el eetrol ess

sol ution: f nickel. sul fate hexahydrate 8 7 g of
citric aci d (0. 2?‘2%#8 {PPSILIRR Bt GOET I@eﬁﬂnﬁ{}] %Wgﬁ&‘?‘g%ﬁ}‘?e Cg%’ 73D ?Ir%{?) wer e
successi vel yafpk asteplc) nwas Ipdriormed cosit@i mer aqubhes fdlaatodpdosiiionasobdijonst ed t o
9 with 't b t.ot ung d bt istilled
wat er. The sO uatnggg %\ggnislt agﬁ%%@kd @ﬁ@{sﬁ%%ﬁ& aEl %GGICL g:zf/\écw)h Ogm d

(0. 739 mmol )CuSBifd@isne vol umes of the sol ution, ]USt before its use in the
follow ng step, was added one vol une of a reductl ve sol ution conpri sing
28of dinethvlitinitioborane fDNIAB: 0.475 nol Formation of a netallic |ayer
of NIB for &'@Wﬁg a diffusion bartier: Anetallic |laver of NI B was

pr epar ed on the ?@Céiwﬁ:tdegosxw fvﬂ;QessOtiseﬁ he thi3Ocxapsd r:anpmkitaicngﬂ:r after

step in.the el rol e S ¢ .on.p ar ousl y _and
heat ed tlg}y 705 %Q'h’t gF adaﬁ?%t‘f‘ lﬁﬁ % § %Efmsteec%bgggecgnét%)s\%ﬁ o “ytb
dependi ng orcathogicdBg poledzedingohass-pulsad trmds ap aimpllenedqusky spuppi fng?‘fi?ﬁl ne was

4 m nutes toobtai Hﬁ Iaver t hi ckness of nm he netallic |aver
thus obt ai net % Q%s%t rgg%fl ' m nut es 35under a_ reductice atnosp Jlere tN)

Il mixturels, \M@G2191@29%0@7{@?’2@@1@563‘2%15% PeRtoed rtht Wah Y8§d-a copper
ger m nati on @y @rtotal period P of 0.6s; a polarization time Ton of 0.36 s during which a

15  current per unit area of 2.77 mA.cm’® was applied; a resting time Toff without

polarization of 0.24 s. The duration of this step depends, as may be appreciated,
on the desired thickness of the germination layer. This duration may be readily
determined by a person skilled in the art, since the growth of the film is dependent
on the charge passed through the circuit. Under the abovementioned conditions,
20  with a deposition rate of about 1.5 nm per coulomb of charge passed through the
circuit, a duration of the electrodeposition step of about 15 minutes made it
possible to obtain a coating 300 nm thick.
The substrate thus coated with copper was removed from the
electrodeposition solution at zero spin speed in about 2 seconds and then rinsed
25  with deionized water and dried under a stream of nitrogen.

¢) Characterization of the treated substrate:

The coated substrate obtained after step d) described previously was
characterized by scanning electron microscopy (SEM).
30 Figure 3 is a view in cross section of the Si/P4VP/NiB/Cu stack obtained
according to Example 1.



Solutit.m The deposition ol copper germ nation |aver onto the coated

-al bstral e after step c) %as perforned using- an aqueous

cl ect r odewontivmgegol uti on 5containing 2.1 m . 1(.31 m RCI/EPRéI0eI?e@i um ne
and 4 g.116 InN. 1) of (7uSX4(11)k. Protgpgcol: The el ectrodeposition process
used in this exanple conprised a copper 10 growth step during kk hiCh the
treated substrate obtained after step ¢c) was cathodicall polarized in

gal vano- pul sed node and sinmul taneously spun at a speed of 40 revol utions

per m nute. Figure 2 describes in detail the gal vano-pul sed protocol
t hat was used, vvi,thatotal period P of 0.6 s; a polarization tinme Ton of
0.36 s durin Su irrent per unit area of 2.77 mA cn2 was appli ed;

a resting time Toffe ‘ﬂﬁﬁé@iﬂﬁhcﬂ@é&aﬁﬂ yat’i wereofhieBudd ssing hesydereatioonMas t hi s
step depends r Kk he
germinati on Bi}gir ws’}lﬁﬂ §ag 8’58588%3(%3%%6%52%}9%% d‘ﬂ ? Cht]m % thgé té} rson
skilled in thﬁceamr;sommmang heertgrabiyt akioog a ﬁ@sﬁbdfm'fihg @é@‘ﬁ@ﬁéén&aﬂ% e charge
passed t hyou Under the abovenentioned conditions, 20 with a
deposi ti (I;BL rg ‘ére%fi 9‘% ?]%?5 nm per coul onb of charge passed through t he
circuit, a dBesdtson of the el ectrodeposition step of about 15 m nut es made

it DOZS' bl ﬁ to obtwd @dﬁesﬁﬁﬂ?ﬂeﬁ&ré’@@céﬂﬁdi&l@l ©Kthis test is OreaTdfiethm'lltiS}tI/ﬁzte t hus
coated with copper. was re t he 0sition .so n at zero
spi n speed |?f‘%§6§5’t2n{g %@é%%ﬁgﬂngﬁapﬁ@fﬁnﬁﬂ}i%gﬁﬁ Eh af%é Jilied Igtt%/\slgt er and

dried under a stream of nltrogen C (laracterization of the treated
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preV|ous 0SCO 30Fi;.zure 3
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to Example | oniaitén %gﬁﬁé&ﬁm@%ﬁ%olved In; anﬁbﬂ;@ﬁ@&ﬁx‘r@&l@ﬁ' ues in Jim

wer e i netsured usi synergy 100 qo e testing.machin ?(Got ha The
tensile testing nE@hfoEPIralCoPHEEISEd EReMmBler o VEd TaREALSy %Fﬂ&cgé Y9¥%al | y

along a cr 05§ché’dion JhgnBEasHY 4 AgnihaRge palkideurb ket wedoutladdnn2d dRrtycidResi ti t s:
The adheﬁ ngured according to this test is greater than 20 Jim,

char act et zi H§SPYBEal absence of del amination of the |avers after the
tensile test. More specifically, the activation solution was prepared by dissolving

17.3 mg (10™* mol) of PdCl, into one litre of a 102 M hydrochloric acid solution.
A 10™* M solution of HoPdCl; was thus obtained. The substrate prepared in an
identical manner to step b) of Example I was dipped into this solution, at room

20  temperature, for two minutes. It was then rinsed thoroughly with deionized water
and dried under a stream of nitrogen.

The coated substrate (Si/P4VP/NiB/Cu) obtained according to this
comparative example was characterized using the adhesion measurement test
described in Example 1.

25 This substrate had an adhesion of 11 J/m?, this adhesion being markedly
lower than that obtained with the solution according to the invention (Example 1).

Comparative Example 3: Activation, for an electroless deposition of nickel, of
a substrate coated with a layer of poly-4-vinylpyridine using a solution
30  containing a palladium complex free of compound comprising at least two

glycidyl functions
In order to demonstrate the importance of the compound comprising at
least two glycidyl functions in the activation solution according to the invention,
Example 1 was repeated using an identical activation solution, except that it did
35 ot comprise the compound containing two glycidyl functions (Example 1 b2).
The coated substrate (Si/P4VP/NiB/Cu) obtained according to this



10Conpar ati ve Exanple 2: Activation, for an el ectrol ess deposition of
ni ckel, of a substrate coated with a |ayer of poly-4-vinyl pyridine using a
sol uti on wonba/mpseg a pal | adium salt PdCl2 di ssol ved i npam/EReéidioc32medi um

(HCL) For conparative purposes, B@nple 1 was repeated using an
activation solution obtained froma conmercial palladiumsalt w thout
addi tion of diglycidyl 15ether butane. More specifically, the

activation solution was prepared by dissolving 17.3 ng (le nol) of PdCl2
into one litre of a 10-2 M hydrochloric acid solution. A 10-4 M solution of
H2PdC14 was thus obtai ned. The substrate prepared in an identical manner to
step b) of EXGRRIEIC Wesnple p’p@d%%’i@féﬁizﬁ‘ﬁsﬂ%’éﬂ 9 ghbesign FEBTHIZDEENSEr at ur e,
for two m nui@srindd inWagnipitere.ri nsed thoroughly with deioni zed water and
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75Thi s sugbstrate had an adhesion of 11 J/n2, this adhesion being nmarkedly

| ower than that obtained with the sol ution accordl rgl'\to the invention
(Exanpl e Conpxamplevk Astivatipe, Br aceledtaelesndegfositioanofenigkely of asybsfepiési ti on

of nickel, Ofoded Upi MASyerOat %Qxd@'tr&@a1 R Qfsd?@dxé‘ﬂ Aic¥brdihPUb! fHene USi g

a solution 30contalning, a palladi umconplex free of conpound co si ng at
| east two gl ferakjen F@H@WB&§ palladium rogppiet. 4 6OMBAYHE CPRPEISIRAY nﬁﬁﬁr tance

of the CO”DOWgIQ@lﬂprﬁﬁicﬂens’ﬁnd g@stgdnopilgleyci dv | functions in the
activati sol uti ccordin fto }t h nye tion ?I::{x % as reé)eat ed
usi ng an'‘i dentic g‘f |p\93{0|5%% 4By ﬁﬁﬂfg t g{lg’é%tm‘f \i n{%‘llxegl d3EHET tonpri se
t he coi npoui sudbst@itkd Whode Juithcd comprises ailéd@lcéﬂe\ﬂrea fiot e YO &, pohirhal dnidpl e |
p2). The coalefl,qulnl ahg, ﬁﬁﬁ’éd\'ffoh? amxxd&@ﬁ@f | RediR6h Adid! dnd Actiflin 25

conparative exanpl e was characterized us hesi on measur enent test
descri bed i nsoxtigmprescribed in Exampjp a2 g’uﬁ@stﬂ@étf@dh%)d agdingd e SrgRopHangs j / np,
which is Ies&lﬁ@ﬁﬁdt{ﬁ@a@dhey on obtained with the solution according to the

i nvention (Exanpl ivati for an electrol esg deposition
of ni ckell% of a 5%%1‘?‘%&’ é:g‘g‘%a&@dthﬁna é]mgn |O<f:l§lé(‘ih B ORI FEUMESTHHOUUS I a
sol uti on accamapaniglet with kie: ise\og At doaiposivioh aceirdiggao fiad inaekitiom @ampliexa a

compound COE[?aIf axurrg{:(%é% ?%ﬁ& A ltﬁﬁlcg%%nfs%ﬂ Ch! 19&@?1;\9(51@8%{3 rf%'?igﬁé ! ane

10For the p i“Cat’i on structures, i.e.
substrat es WhﬂiSSOE l[ﬂSfSaWéreC’beD perdagnedton 8 tsﬂgﬁa@esalr% fhay pesctl faﬁf@)‘mﬁaﬂpol ymer
and at |east,Qngparea formed froman oxide such as silicon oxide, the

activation soI uti bn described in Exanple 1b2 was nodified hy adding an
or ganosi 303ne Corrp'ghﬂlép ¢5ke E&igple 1b2 was repeated using the same activation solution,

to which was added 0.6 ml of aminopropyltrimethoxysilane (APTMS).

The substrate used in this example was a P-doped silicon coupon with a
side length of 4 cm (4 x4 cm) and a thickness of 750 um, coated with a layer of
silicon oxide 200 nm thick. The starting substrate was cleaned in an H,0,/H,S04

25  mixture (2:5 v/v) at 70°C for 45 minutes, and then in deionized water at 70°C for
45 minutes, before being rinsed thoroughly with deionized water and dried under
nitrogen before use.

The coated substrate (SiO,/P4VP/NiB/Cu) obtained according to this
example was characterized using the adhesion measurement test described in

30  Example 1.

This substrate had an adhesion of greater than 20 Jz'm% which 18
comparable with the adhesion measured in Example le.

The stack obtained was also characterized by scanning electron
microscopy (SEM).

35 A view in cross section of this stack is thus reproduced in Figure 4.



151 n order to check that the addition of such an organosil ane conpound was
conpatible with the use of a conposition according to the invention

cont ai ni yoaopAi2bssdi um conpl ex and a conpound conpri Si NGCAEPR@ASHE321WO

gl ycidyl functions, adhesion tests vverezoé hus performed on Si 02 surfaces
using this novel activation solution. To this end, Exanple 1b2 was
repeated using the sane activation solution, to which was added 0.6 ml of
am nopropyl tri net hoxysi | ane ( APTMVS). The substrate used in this
exanpl e was a P-doped silicon coupon with a side length of 4 cm (4 x 4 cn)

and a thickness of 750 pm coated wiith a |layer of silicon oxide 200 urn
thi ck. The stampaxativelbampled: Metivation,{agan ﬁlesFrOIfﬁ%dﬂzqsﬂozs@m*Q%e nixt ure

(2:5 v/v) ataﬂcﬁfogosrurﬁ&enmbﬁ %saxaﬂdntm@aghﬁxgdal paliatieginvedhepledt andac. ' for
45 m nutes. before N nSﬂi tthorgﬁgighl g‘af\é\ln p & oni zed water and dried
under ni t r ogENBYt ising at least twoglycidgl fupgtians < 1 ot e

(Si s/ PAVPI N fi/ Gmtozdbtm aimnbmn"atertﬂe impémasichios tex angphesilaas cmhpmmdt arized
usi ng the ad te C hi s
substr ar @ hadeans YR PEERnL ERLLHERIEVBEE b el OB o T e
adhesi on meagurogdglei ﬁHCExaNp‘il@%l éfl ﬁddﬁmﬂﬁh’ﬁé?@tm OBt atierf@an«adaysmgsﬁle
kithracteri Z&@Vﬁtmﬁd}ﬂde@&%ﬁl’lﬁ)ﬁxﬁ%gkqscopy t.SIAI). 35A\ iewin cross

section of tins %‘D&@? Ej [1cCd i |J| I

2011/ 029860PCT/ E i@“@‘@l MFAFSREPAIFE UEeg r?%@f%ﬁa%%ﬁl%%ql%wﬂ for an
el ectrol ess depols'rﬁe bes@iae rulsecked thmfexzaﬁplshﬁs ESdebgﬁEsxﬂlﬁbrﬂgo@oﬁo\Jviﬂiﬁ laon
cont ai ni adl e 0] un I Sl N

o yoi ayi T uncile lsreth ot GRTR-SH GBS TS FOrE v PBb ARSI, he

or ganosi | aneSIbmnp@udan{i?mnmhhmhc'f‘lna/mntmg sglodtuatd was tloanedhie asll&ChdISER
covering of xﬂlﬁl&i%f(@%evf%oz&%@'c@@{ % éﬁd&é&“bﬁd'm‘%ﬁ'xgﬁeé%@d %te@%ﬁ@“@ Fdronal

experiment was performed using the activation solution described i n Exanple
1. To this ehdnrmsnpriore byipg wised gyeaiebty Wstilr@sttlké waipeangk diigh ind

sol ution. Thausshsidiateséised in this exanple vas P-doped silicon coupon
with a S|del ngth o cm _ t.hi.ckness qf 750 pm coated
Win a ldyer of SIS coreb b asnosi P AN ARE R S ST o dinsc it 4P8 was

cl eaned in mahWWaElcﬁS@étenﬁzm wsmg(the Sadibsidn abead@€nfeor tedb dasanibbésn and

then in dei og%a?{?pg ter at 70C for 45 m nutes, before being rinsed
t horoughly w istilled water and dried und,er nitrogen before use. 15The

coat ed substr at e IS epnuzw\VRIdNRBAdsishelal dew, dleie elbesien being hiigrkedlsinpl e was

charact eri zggdwisinag tHa'E'§bt@ﬁ'1@§%Qﬂh@?&ﬁ&'&@é@ﬂﬁﬁﬁ%ﬁh@ﬁ%ﬁt’i&ﬁ(@xbﬂxp@‘éﬁ)m| e le.
This substrate had an adhesi on of n2, this adhesion being nmarkedly

| ower than that obtained wth the sol utlon according to the invention
(Exanple 4).E %@ cﬁvﬁuoxmhr \aatdlmroléssrde@nsnﬁbﬁcafrxﬁbm Sofde palbdtidten of
subst .,

kel o o LS LAl S S AT AR N St v
gl ycidyl f ur[!a:liadnsn a:nm[ﬂcx or gzmpe!mdanenpnsmg at least two glycidyl functions
and an organosilane
25 In order to check that the addition of an organosilane compound was
compatible with the use of a composition according to the invention containing a
palladium complex and a compound comprising at least two glycidyl functions,
adhesion tests were also performed on surfaces formed from a polymer such as an
electrografted P4VP polymer.
30 To this end, Example 1 was repeated using the activation solution prepared
in Example 4, containing an organosilane compound.
The coated substrate (Si/P4VP/NiB/Cu) obtained according to this
example was characterized using the adhesion measurement test described in
Example le.
35 This substrate had an adhesion of greater than 20 J/m?, comparable with

the adhesion measured in Example 1.



251 n order o check that the addition of an oq;anosilane conpound was
conpati ble \kith the use of a conposition according to the invention
cont ai ni yoaopal2bssdi um conpl ex and It conmpound conpri si RGT&P2010M63214 WO
gl vcidvl functions, adhesion tests wereyal so perfornmed on surfaces forned
froma polynmer such as an elect rografted P.A-VP polyner. 30-1() this end.
Exanple 1 v, ;ls repeated using the activation solution prepared in Exanple
1. Yontaining an organosil ane compound. The coated substrate
(SilP—IXIVNLL-B/Citt obt ai ned according to his exanple was character tied
usi ng the adhesi on neasurenent. test deserlbed in, Lr.xanple 1 35This
sul v, Fate had an g%é%‘TSS‘PFeof’P&?eleg@Pmtiﬁ% compoynd ¢ ,tﬁ%g‘%‘éarﬁggl %OTl\g/}m"‘qnn t he
adhesi 03 maﬁiﬁf@f&eid@eﬁﬁmg&d&me Rifesitveofihe sendbe biyet drethepghmosi | ane
compound in the agtivation s ' e , dhesi on
of the netallic | ?g??gﬁﬁ% é%%%%%gg}&ggﬁsgp&gﬁ%@%ﬁgg2%%g§g§$%§€%ﬂﬁg§ t he
results of thesadkesianl reasinremmExntmes t wed--i -tbst rates coated by
performng Exanples 1 to 6. 5 Table : Ex. surface Activation solution
Adhesion'(J.gHﬂP?VP Conpl ex + Diglycidyl >20 2 P4VP

apie 1.

Ex. Substrate Activation solution Adhesion (J.m?)
surface

1 P4VP Complex + Diglycidyl >20

2 P4VP Pd/H+ 11

3 P4VP Complex 15

4 Si0, Diglycidyl + Complex + Silane >20

5 Si0, Diglycidyl + Complex 1

6 P4VPp Diglycidyl + Complex + Silane >20

Example 7: Activation, for an electroless deposition, of a flexible substrate of

10  polyimide type (Kapton®) using a solution according to the invention
containing a palladium complex, a compound comprising at least two
glycidyl functions and a compound of aminosilane type

a) Cleaning of the surfaces
15 In this example, the flexible substrates of polyimide type are used directly

without prior cleaning.

b) Activation of the substrate surface:
The activation solution was identical to that used in Example 6.

¢) Deposition of a metallic layer of NiB via an electroless route
The deposition of the layer of NiB was performed in an identical manner to

that of Example 1.

25  d) Formation of a copper germination layer:
The deposition of the copper germination layer was performed in the same

manner as in Example 1.



Pd/ H+ 11 P4VP Conplex 15 4 Sith Diglycidyl + Conplex + Silane >20 5 Si 02
D glycidyl + Conplex 6 P4VP Diglycidyl + Conplex + Silane >20 Exanple 7:
Acti vat i owQ 2bro2e8s0el ect rol ess deposition, of a flexibl ecsmrstwasziof 10
pol yi m de type (Kapton(r)) using a soluig on according to the invention
containing a palladium conplex, a conpound conprising at |east two glycidyl
functions and a conpound of am nosilane type a) O eaning of the surfaces
15In this exanple, the flexible substrates of polyimde type are used
directly without prior cleaning. b) Activation of the substrate surface:
The activation sol gstuihgn was identical to that used in Exanple 6.

The adhesion measured according to this example was greater than
20 J/m?, characterizing a total absence of delamination of the layers after the

tensile test. No precipitate was observed in the activation solution.



ci Desition of a metallic laver or NIB via an e ectrol ess route Fl ue
depositiimof the laer of Ni 13 was perforned in an identical nmanner to that
or [ xanplwoOl20112Be860 For mati on of a copper germ nation | CTAP2010/063210 The
deposition of the copper germnation lawe' \\ is perforned in the sante
manner as in Exanple 1: 28 Results: 1Tliidliesion neasured according to

this exanple was greater than .11n2, characterizing ti total absence ol
del am nation of the la.yers after the tensile test. No precipitate wis
observed in the activation solution. 29 CLAI M . Solution for

activat My the surface of a substrat? foltwélhe pur pose oh its subsequent
coverim?2. with a netal |ayer deposi an ekctroless route. said 5
surface consisting exclusively of a polyner or conprising at | east one area

formed froma pol and. at |.east pne ar fo fr i
especially a sil iﬁg%i‘&%mdfé)f ARy lggttg ?’%‘g %?’rﬁat’{\d;g?g?tf c%qr#;fugéﬁ?sg%f s

A) an acti vatubseduonmescfingrwigne etairbwyer getdsae win Foplsrexlessioushsdien 10f rom
Lhe or oS f oy IRMe BYisiscR@lek ARLVEY CPOARLEXES oPtofBitTHE & lehsk ohe Rlen NYENR2 Pd /
from a polymer and at least one area formed from an oxide, especially a silicon

oxide,
characterized in that it contains:
A) an activator formed from one or more palladium complex(es) chosen

10 from the group formed by:

e palladium complexes of formula (I)

)

RI—N N—R2

“/
&
XN

)]
15
in which:

- R1 and R2 are identical and represent H; CH,CH,NH,; CH,CH,OH;
or R1 represents H and R2 represents CHCH;NH;;
20  or R1 represents CH;CH,NH, and R2 represents CH,CH>NHCH,CH,NH;;
or R1 represents H and R2 represents CH,CH,NHCH,CH,NHCH,CH;NH>;
- X represents a ligand chosen from the group formed by CI'; Br’; I'; HO, NO3’;
CH;S057; CF3S057; CH3-Ph-SO57; CH3COO™:

25 e palladium complexes of formula IIa or IIb

— - 2+ — — 2+
RI—N N—R2 . R1—N N—R2
N\, Y? NS ..
/f"@\ /Pd\ Y
R2—N N—RI1 Ri—N N—R2

in which:



15 in which: - Rl and R2 are identical and represent H, CH2CH2NHZ;

CH2CH2OH;, or RI represents H and R2 represents CH2CH2NH2; 20or Rl

repr esentwoChtil2gbh 2NH2 and R2 represents CH2CH2NHCH2 CHPNIAP20100632[R)
reprcsent N and R2 represents CH2CH2NH Cl- 1INHCH2CH2NH2; - X represents a
| i gand chosen fromthe group fornmed by ; Brs; r; H20, NGO3-; CH, SO1-; C1I;
- Ph-S03-; pdl adi um conpl exes of fornmula Ira or 111) R NNPirr NR2-RL \
Y2 R-N1)(1 R-NR2 (Ha) it which: 30 :

- R1 and R2 are as defined above and
- 'Y represents a counterion comprising two negative charges formed:
- either from two monoanions, preferably chosen from the group formed
by CI'; PFs’; BFy; NO3'; CH3SO;57: CF3S057; CH3CeHaSO5'; CH3;COO
5 - or from a dianion, preferably SO

B) a binder formed from one or more organic compounds chosen from the
group formed by compounds comprising at least two glycidyl functions and
compounds comprising at least two isocyanate functions;

10
C)a solvent system formed from one or more solvents capable of

dissolving said activator and said binder.

2. Solution according to Claim 1, characterized in that it comprises:
15 - the activator in a concentration of from 10 M to 10 M, preferably from
10" M to 10 M and more preferably from 5x10° M to 5x10™ M;
- the binder in a concentration of from 10° M to 10" M, preferably from
10* M to 10 M and more preferably from 5x10* M to 5x107° M.

20 3. Solution according to Claim 1 or 2, characterized in that the binder is
formed from one or more organic compounds chosen from the group formed by:

- compounds comprising at least two glycidyl functions chosen from the
group formed by 1,4-butanediol diglycidyl ether, ethylene glycol diglycidyl ether,
propylene glycol diglycidyl ether, diethylene glycol diglycidyl ether,

25 4.4 -bisphenol A-diglycidyl ether, glyceryl triglycidyl ether and triglycidyl
isocyanurate;

- compounds comprising two isocyanate functions chosen from the group
formed by 1,2-phenylene diisocyanate; 1,3-phenylene diisocyanate; 1,4-phenylene
diisocyanate; 1.,4-diisocyanatobutane; 1,6-diisocyanatohexane;

30 1,8-diisocyanatooctane; 24-toluene  diisocyanate; 2. 5-toluene  diisocyanate;
2,6-toluene diisocyanate; 3,3’-dimethoxy-4,4’-biphenylene diisocyanate; isophorone
diisocyanate; m-xylylene diisocyanate; frans-1,4-cyclohexylene diisocyanate;
1.3-bis(1-isocyanato-1-methylethyl)benzene; 4.4’ -methylenebis(phenyl isocyanate).

35 4. Solution according to one of Claims 1 to 3, characterized in that the

solvent system is formed from one or more solvents chosen from the group



- Rl and R2 are as defined above and - V represents a counterion conprising

two negative charges forned: - either fromtwo inonoanions.
pr ef er ablwochogessebr om t he group fornmed by Cr;: CrLSC . PCTEP3O0/0632i10
CrittS03-; Cl13C00.; 5- or froma dianign, preferably SO4- ; B) a

bi nder fornmed fromone or nore organi c conpounds chos ell fromthe group
formed by conpounds conprising at |east two glycidyl functions and
conmpounds conprising at |east two i soeyanate functions; 10 O a

sol vent system forned fromone or nore solvents capabl e of dissolving said
activator and said binder. 2. Solution according to Claim 1l characterized

in that it clomped buN-mpghylpyelditong ANYP) ﬁm&?ﬂéﬁﬁégﬁ%@ﬁﬂPW% akplRR-10-6 M
to 10-2 M p&eﬁeﬁ@gwcrfe&m 10 BistvhdeOmdRuedhWlaasiey 16m @y @1 efepAbhy glie@m 5x10- 5

Mto 5x10-4 bi nder in a concentration of from110-5 Mto 10-1
M preferabl rf?drr?&@%ﬂﬁ/ﬁ%mfo 2 Mand nore pr ef erably from5x10-4 Mto
5x10-3 M 203. Solution according to Claiml or 2, characteri zed in that

the bi ndebr | s for%’r%%m{{()% gcn?dng%&go&% F &t n(fs PQHHP”B?ﬁ%&é}%ﬁn g&Fn the

group forned by: rising
functions chopedialiy orthe he»egrrwmﬁpﬂafeomfe@ tmbeﬁcm Hed egrephissh 3656931’—)@@? @gqa et her,

et hyl ene gl y i 1iB86m1iBh 9RY LeRGriglsycol diglycidyl ether,
di et hyl cne g yco(leij Xg éiéfée F 1et 3?‘ 4 sﬂ ﬁenol 1-diglycidyl et her

glycer | trigl ycr Ee@ghéwr%wgwwéw@aww deyzut ur at e. -
conpounds conpri si ng two i socyanate functl ons chosen fromthe gr oup
fkgmedl. 2-pl i envl ene, di isocvana phciivl ene.di| vanat e; 4- phen\
| ene, di 1izos ocvanat %fl%l{)&l SN Fq quBILR é’rafteélzat?iné 8%% tﬁ%to(%a}né’ilé‘ﬁlg

301. - di koc. -dompduhil zotrespondit | e: 2. 4-t ol ti enedi i s005-tol uenedii socvimte.

2. 6-tol ueoc ocV .socvanat e: kophorone diisocvanate, in- \\1\

| ene di koc agtlgtt;ﬁ:eg&&%w I'i socvanate: iinato- |-111el111\ tell 1\ |

t hent ene: | enehi si phenyl\ anale). 31 fornmed hv N-nethyl pyrrolitlinohe
(NM)). dinethyl sulfoxide (DN ), al%@ho),s, @ta)i.)letic ethers, tor
|nstance nonoet hyl di et hyl ene choI propyl ene egcoI et hers, di oxane and
t ol uene.!%5. NSYIER'i on accor di ng to one of Cains 1 to 4, characterized in
that. - X represents a functional group chosen from the group formed from thiol,

pyridyl, epoxy (oxacyclopropanyl), glycidyl, primary amine, chloro, and capable
of reacting with the palladium compounds of formula I;
- L represents a spacer arm chosen from the group formed by CHj; CHyCHa;
20  CH,CH,CH;-; CH,CH,CH,CH,-; CH,CH,NHCH,CH,; CH,CH,CH,NHCH,CH,;
CHQCH:ZCHzNHCHzCHzNHCHECHz; CHgCHzCHQNHCHQCHQCHQCHQCHQCHQ;
Ph; Ph-CH,; and CH,CH,-Ph-CH,; (Ph representing a phenyl nucleus);
- R is a group chosen from the group formed from CH;, CH;CH;, CH;CH>CH;
and (CH3),CH; and
25 -nis an integer equal to 1, 2 or 3;

- or to the general formula:
(OR)3Si-(L)-Si(OR);  (Vb)

in which:

30
-L represents a spacer arm chosen from the group formed from
CH,CH,CH,NHCH,CH,NHCH,CH,CH, and CH,CH>CH,-S-S-CH,CH,CH; }
- R is a group chosen from the group formed by CHi, CH3CH,, CH;CH,CH; and
(CH3),CH.

35

7. Solution according to Claim5 or 6, characterized in that the



especially in the case where the surface to he activated conprises at |east
one area forned froman oxide. said solution also conprises: D) one (or
nor e) or geoasilemsoconpound(s). 106. Sol uti on accor di ng PCO/EBR@Ei006310
characterized in that the organosilane gpnpound corresponds: to the
general fornmula: IX-(L)h-n-Si (OR),(Va) 15in which: X represents a
functional group chosen fromthe group fornmed fromthiol, pyridyl, epoxy
(oxacycl opropanyl ), glycidyl, primary am ne, chloro, and capabl e of
reacting with the palladi um conpounds of formula I; L represents a spacer

arm chosen fromthe gr f d CH2;
CH2CH2CH? mzwncmzewgw%%gig@ﬁ%@m‘ﬁ@ Weﬂﬁ%’% and 10" M,
CHZCHZCHZNH RN GERGH: mmamm&da@ﬂ&%mﬁugmmah 10RO, and

CH2CH2- Ph- gighl rﬁar esenting a phenyl nucleus); Ris a group chosen
fromthe groﬁ’ﬂ)d fromCH3, CH3CH2, CH3CH2CH2 and (CH3)2CH. and - nis
an integer equal tol, 2 or 3; - or tothe lleneral t):Si-(Si(OR)3(Vb) in

clL("111 S\ C and 11 7C11.

S-d LCHZCHT organgsilang e@upOUNEs) € are shpren oy tispllewingsampguidsy 011 ,Cl1.-Cl1
and 35 WD 2011/ 029860PCT/ EP2010/ 063210 32 concentration of the

or ganosi | ane conpound i et 0 1M preferabl?,. between Pr M
and 1 () Mand ﬁoﬁ}eefj%”éff%ﬁngfﬁ’ \]ﬁég{ﬁ '3 M and 10x10-2M

X represents an NH; group and
10 L represents CH;CH,CH,- and R represents CH; (compound known as
(3-aminopropyl)trimethoxysilane or APTMS);
or L represents CH,CH,CH,- and R represents CH3;CH; (compound known as
(3-aminopropyl)triethoxysilane or APTES);
or L represents CH;CH,NHCH,CH, and R represents CH3 (compound known as
15  N-(2-aminoethyl)-3-aminopropyltrimethoxysilane or DATMS or DAMO);
X represents SH; L represents CH,CH,CH,- and R represents CHp-CH;
(MPTES);
or X represents CqHsN; L represents CH,CHp- and R represents CH,-CH;
(PETES);
20  or X represents CHCH:O; L represents CH,CH,CH, and R represents CH;
(EPTMS).
or X represents Cl; L represents CH,CH,CH; and R represents CHz (CPTMS).

whi ch: 30 L repre eég%%l if%?gﬁiréé%@%%ﬁ I}; ogt ¢ %Q{%C FiOUP iBordg@d tﬁé om

9. Solution according to one of Claims 1 to 8, characterized in that it
25  comprises water in a concentration of less than 1%, preferably less than 0.5% and
more preferably less than 0.2% by volume.

10. Use of a solution according to any one of Claims 1 to 9, for activating

the surface of a substrate for the purpose of subsequently covering it with a

30  metallic layer deposited via an electroless route, said surface being formed
exclusively from a polymer or comprising at least one area formed from a
polymer and at least one area formed from an oxide, especially a silicon oxide,

said polymer comprising one or more groups chosen from the group formed by
primary amine; secondary amine; enamine; alcohol; thiol; aromatic heterocyclic

[}
wn

(in particular pyridine, pyrrole or thiophene) and non-aromatic heterocyclic

groups.



58. Solution according to C(ain-15 or 6, characterited in that the

organosi | ane eonpotind(,) c,k) are. Cl110',CFl1 fromthe foll ow ng:
conpoundswo 2otw2essnpounds of fornula (Va) in \Kkilil:11: PRT/EPRIIOSE3I) ; an
N112 group and 10 L represents CH2CH2CH% and R represents CH3 (conpound
known as (3-am nopropyl)trinmethoxysilane or APTMS); or L represents
CH2CH2CH2- and R represents CH3CH2 (conmpound known as

(3-am nopropyl )triethoxysilane or APTES); or L represents CH2CH2NHCH2CH2
and R represents CH3 (conpound known as

15N- ( 2- am noet hyl ) - 3- am nopr opyl tri net hoxysi | ane or DATMS or DAMD); X
represents SH, L represents CH2CH2CH2- and R represents CH1-CH3 (MPTES); or
X represents COHSN . thser gpuoesient® CH2GHD, @mthcRrizepriaseiat Sh€hidi@hid (PETES) ;
20 or X repr;esents CHCH20;. L rﬁgre@egttsbagégngClﬁ .and R represents CH3
(EPTMB) . or SCRospreduiiestidne® ¢f DeiPsUdR s BPEBHE and R represents CH3 (C
9. Solution according to one of CQains 1 to S. characterized in that it
25conpri sgs wat er (4 t.r gk f..ligs l.pr:ef , i han
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sol uti on accpeldisgnylpyadiicone of Clains | to 9, for activating the surface
of a substrate for the purpose of subsequently covering it with a 31)
netallic | aser deppsited vig an el e 01Cs I ,.aid surfac f or med
c.\chu. sivehv fto -?ﬁﬁo@‘&?ﬁ@&lgbp 88?‘@5@@%%%5121 Ehyragpiazed, i f?gh'\g?or med
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1(1, characterized in that the %(l?ltﬁmer deposi tugge on the surface of the
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substrat & i ss‘gﬁ”gtlegefl?‘?dcgf’ﬁa BBW%EFPW&“&PP%%%& %%rﬁ(ﬁ?g 1%11\}%%3%@%'%%% e
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of a substrate for the purpose of subsequentlfy covering it with a netallic
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subsequently covering it with a metallic layer deposited via an electroless route,
20  said surface being formed exclusively from a polymer or comprising at least one
area formed from a polymer and at least one area formed from an oxide,
especially a silicon oxide, characterized in that it consists in placing said surface
of the substrate in contact with a solution according to any one of Claims 1 to 9,
preferably at a temperature of between 50 and 90°C, for a duration of 1 to
25 30 minutes, and more preferably at a temperature of between 65 and 70°C for a

duration of 5 to 15 minutes.

16. Process for manufacturing an electronic device, characterized in that it
comprises the steps consisting in:

30 a) activating the surface of a substrate such as, in particular, a silicon-
based substrate, said surface being formed exclusively from a polymer or
comprising at least one area formed from a polymer and at least one area formed
from an oxide, especially a silicon oxide, by placing said surface in contact with a
solution according to any one of Claims 1 to 9, preferably at a temperature of

35  between 50 and 90°C, for a period of from 1 to 30 minutes and more preferably at
a temperature of between 65 and 70°C for a period of 5 to 15 minutes; and
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