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The continual need to increase the functionality density of electronic

systems has lead to an approach called “three-dimensional (3D) integration™ or

30 “vertical integration” is characterized by the fact that the chips are superposed and

connected together by vertical interconnects. The stack obtained thus comprises

several layers or strata of active components or chips and constitutes a 3D
integrated circuit (or 3D IC),

After the chips have been stacked, for example by bonding them together,
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they may be individually connected to the pins of the package by wire bonding.

The chips may generally be interconnected by employing through vias.
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- etching of the vias in or through the silicon wafer;

20 - deposition of an insulating dielectric layer;

- deposition of a barrier layer or liner, serving to prevent the migration or
diffusion of copper;

- deposition of a copper seed layer;

- filling of the vias by copper electrodeposition; and

25 - removal of the excess copper by mechano-chemical polishing.

The insulating dielectric layer may be inorganic (generally consisting of
silicon dioxide SiO», silicon nitride SiN or aluminium oxide, for example),
deposited by CVD or another process, or may be organic (parylene C, N or D,
polyimide, benzocyclobutene or polybeonzoxazole for example) deposited by

30 dipping in a liquid medium, or using the SOG (spin-on-glass) method.

The copper diffusion barrier layer generally consists of tantalum (Ta),
titanium (T1), tantalum nitride (TaN), titanium nitride (TiN), a titanium-tungsten
alloy (TiW), tungsten carbonitride (WCN) or a combination of these materials,
and generally deposited in the vapour phase (PVD, CVD, ALD).

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

nickel-based or cobalt-based alloy by the electroless method.
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1L.2(1) - The method described in these prior patent applications requires the use of
two different solutions and two different treatments to fix, on the intermediate
15 insulating surface, the palladium compound serving as activator for the electroless

deposition.

Recently, patent application WO 2009/086230 proposed a solution for
activating an oxidized dielectric substrate in a single step for the subsequent
deposition of a metal layer by the electroless method. This solution comprises a

20 metal salt selected from a tamily of metals capable of initiating the electroless
process, a compound of the silane type comprising a chelatant group capable of
coordinating with the metal salt, a water-soluble solvent and a quantity of water
generally between 1 and 10%. The water, mentioned as a major element of the

invention, is used for solubilizing the metal salt in the activation solution. In fact,
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it has been found that the presence of water in a solution containing a silane
compound leaves, in a relatively short time, for about 2 to 45 minutes depending
on the solvent system used, to the polymerization of the silane and the subsequent
abundant precipitation of the polysilane compound obtained. This precipitation
causes the destabilization of the activation solution.
30 Patent application WO 2009/086230 mentions numerous possible
combinations of a metal salt, solvent, silane and the quantity of water, and
describes no detailed example of an activation solution.

It has appeared that some of these combinations, which are nevertheless

preferably presented in this prior document, do not allow the subsequent
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deposition of a metal layer by the electroless method, and that those which do
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deposition methods from a vapour phase. Considering the drawbacks resulting

5 from these technologies, intensive research has been conducted to provide novel
compositions for preparing a copper seed layer by an electrochemical method.

In this context, the present invention, in its currently preferred application,
relates to the preparation of through vias of integrated circuits in three-dimensions
in which the dielectric insulating layer is oxidized and must be covered by a metal

10 layer using an electroless method, and then by a copper seed layer.

It is therefore an object of the present invention to solve the technical
problem consisting of the supply of a composition which, within a single solution
usable on the industrial scale, combines all the components for activating the
oxidized dielectric surface of a substrate, such as a semiconductor substrate, for its

subsequent coating by a metal layer deposited using an electroless method, then
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by a copper seed layer, giving rise to multilayer structures having excellent
inter-layer adhesion.

Thus, according to a first aspect, the present invention relates to a solution
for activating the oxidized surface of a substrate, in particular a silicon-containing

20 substrate, for its subsequent coating by a metal layer deposited using an

electroless method,
characterized in that it contains:

A) an activator consisting of one or more palladium complexes selected

from the group consisting of:
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e palladium complexes having the formula (I)

RI—N N—R2
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30  wheremn:

- R1 and R2 are identical and are -H; -CH-CH-NH,: -CH,CH-,OH;
or R1is -H and R2 is -CH-CH>NH>;
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10C) a solvent system C01-11111,7. of one or nore sok ens suitable for
solubilising said activator and said organosil ane sol vent. In the

foll ow ng description, conmpounds having the formula tlia) and M) may be

desi gnat ed cql kel iciglof iy Lhe hATeCTiconmorpgschavinL, , the formia 01)".
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thereforesallows its use on the industrial scale. 20According to another
particular featyre of the invention,. this, solution conprises: said
activator at ‘é)d}éﬁtﬁ%@ﬁ? A elxgh}{%xé%%gg%%n @%%észlo- 6 Mand 10-2 M

preferably between le Mand 10-3 M still non preferably between 5x104-5 M
and 5x10-4 M ~25- said binder—at+a concentration conprise( hemcell 10-s M
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10 wherein:
- R1 and R2 are as defined above and
-'Y is a counter-ion comprising two negative charges consisting of:
- either two monoanions, preferably selected from the group consisting of
CI'; PFs; BF,; NOs'; CH3SO57; CF3S0O537; CH3CH4SO5™; CH3COO;
15 - or a dianion, preferably SOf’.
B) a bifunctional organic binder consisting of one or more organosilane
compounds having

- the general formula:

20 {X-(L)}an-SIOR),  (Va)
wherein:

-X is a functional group selected from the group consisting of thiol,
pyridyle, epoxy (oxacyclopropanyle), glycidyle, primary amine, chlorine and
being able to react with palladium compounds of formula [;

- L is a spacer selected from the group consisting of CH, ; CH,CH, ;
CH>CH,CH, ; CH,CH,CH,CH; ; CH,CH,NHCH>CH, . CH,CH,CH,NHCH-CH:
CH,>CH,CH,NHCH,CH-NHCH,CH, . CH,CH,CH,NHCH>CH>CH>CH,CH,CH,
Ph ; Ph-CH, ; et CH-CH»-Ph-CH; ; (Ph representing a phenyl moiety):

-R is a group selected from the group consisting of CHi-, CH3CH,-,
30 CH3;CH>CH»-, (CH3),CH-; and
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10 () a solvent system consisting of one or more solvents suitable for
solubilising said activator and said organosilane solvent.
In the following description, compounds having the formula (Ila) and (1Ib)
may be designated collectively by the name “compounds having the formula (1)
According to a particular feature of the invention, this solution is water-

free or comprises water at a concentration lower than 0.5%, preferably lower than
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0.2% and still more preferably lower than 0.1% by volume. This limited quantity
of water, combined with the complexed form of the activator, prevents any
inactivation of the solution over time and therefore allows its use on the industrial
scale.
20 According to another particular feature of the invention, this solution
comprises:
- said activator at a concentration comprised between 10° M and 107 M,
preferably between 10° M and 107 M, still more preferably between 5%107 M
and 5x10* M;
25 - said binder at a concentration comprised between 10° M and 10" M,
preferably between 10 M and 10 M, still more preferably between 5%10° M
and 5107 M.
In a completely original manner, the activator of the solution according to
the invention consists of one or more palladium complexes having the
30 formulas (1) and (II) defined above.
Complexes having formula (I) can be prepared by reacting a palladium salt
having formula (1IT) with a nitrogenated bidentate ligand having the formula (IV)

by the following reaction scheme:



h \ 25 iirox\cnh, Tounii \here Rand R2 iitit( 12 ( 21 t )Il 1)'11.1 ILH11
I \ iNlois tilt. 11.? lench ilillilOIllthinlll, 2\Hhinlc,,,s111 (1la)

(rrn) (rvyweznyaseiab R2 Pd -NN- R2 (1(b) wherein X, R amdTRP201@wessthe
meani ng i ndi cated above. More précisely, a soluble conplex is forned
having the fornmula H PdCl4 in a manner identical to that described above.
5At the end of the reaction, two equivalents of the nitrogenated bidentate
|l i gand having formula (1V) are added to the reaction nediumwhich is

mai ntai ned at a tenperature conprised between 60C and 80C for a period of 8
to 15 hours, preferably about 12 hours, to yield the conpl exes having a
formula (11a) and (11b). Alternatively, the conplexes haviag—fornmula (I1I)
can be prepared from 10 conpl havi ng HOLMAM (1) ByNaddi ngNark,

equi val ent of dthe nitt r oggnated b|§éﬂtgbe“rr“aﬁd““ﬁ”an appropyj ate solvent
and by maintaining the reaction nediumat a tenperature c rgsed between
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about 12 hours. In these nb cns , the reaction can be facilitated by addi ng

a silver salt;h? the reaction ium 15The rend i ion scheg? gi ven above
shows t hat thé eaction lends to’two cis and trans conpl exes:hich are the
onl? conplexes lornmed iii lie case in \? hich Rl is Il and R2 is

-Gz (L 112\ Tdderdin RER$ QR %h'ﬂakf@%ﬁ'ﬁ&h%sQE%E}'@EQ@@' v HIRICHHI LI t hat
\hiltitidnl 1111. 1111V()1C LI F, H11 T f\c H \\111C. 1<1 and Rd arc both

rice r,khenl se, aLMoT¢ Pfel‘ﬁ‘ﬁh”zﬁéf‘ﬁ@@f’ﬂﬁ?]if gi‘f‘i&?“f&f)ﬁ?‘ﬁdiﬁpr“ displygd ig an
\\H di 1131\ b@ius 0.1 Mehydrochloric acid solution at a temperature comprised between

40°C and 80°C, preferably about 60°C, for a period of 10 to 20 minutes,
preferably about 20 minutes, to obtain the soluble complex having the formula
H,PdCly.

At the end of the reaction, an equivalent of a nitrogenated bidentate ligand

10 having the formula (IV) is added to the reaction medium which is maintained at a
temperature comprised between 40 and 80°C, preferably about 60°C, for a period
of 1 to 3 hours, preferably about 2 hours, to yield the complex having the formula
(I). The addition of the ligand causes a change in colour of the reaction medium.

The solvent is then evaporated and the solid residue is treated by

15 recrystallization in a solvent such as ethanol for example.

Preferably, the starting palladium compound is palladium chloride PdCl,.

Alternatively, the palladium salt having formula (III) can be replaced by a
palladium salt having the formula {PdX;;}Z', such as KoPdCl,, Li-PdCly, Na,PdCl,
or (NH4),PdCl,.

20 As preferred examples of amine derivatives having the formula (IV)
suitable for use in the context of the present invention, mention can be made in
particular of the following compounds:

- diethylenetriamine (compound having formula (IV) where R is a
hydrogen atom and R2 is a -CH,CH,NH, group);

25 - N,N'-Bis(2-hydroxyethyl)ethylenediamine {compound having
formula (IV) where R1 and R2 are identical and are -CH,CH,OH).

A particularly preferred amine compound in the context of the present
invention is diethylenetriamine.
Complexes having the formula (II) can be prepared similarly to the

30 preparation of complexes having formula (I} by the following reaction scheme:
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( Ami noet hyl ani nonet hyl ) phemet hyl t ri netdaoxysi | ane; A

N C2- Ami noet hyY:) £ B4ati nopr opyTE? i et hoxysitane; -

N- ( 2- Ami noet hyl ) - 3- armi nopr opyl t ri met hoxysi | ane; (i)
2-(4-Pyridyl ethyl)triethoxysil ane; —~ 2+
Bi s(3-trinmet hokysilyl propyd) et hyl enedi am ne; , N s
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(I1b)

wherein X, R1 and R2 have the meaning indicated above.
More precisely, a soluble complex is formed having the formula H,PdCly
in a manner identical to that described above.

5 At the end of the reaction, two equivalents of the nitrogenated bidentate
ligand having formula (IV) are added to the reaction medium which is maintained
at a temperature comprised between 60°C and 80°C for a period of 8 to 15 hours,
preferably about 12 hours, to yield the complexes having a formula (Ila) and (IIb).

Alternatively, the complexes having formula (II) can be prepared from

10 complexes having formula (I) by adding an equivalent of the nitrogenated
bidentate ligand in an appropriate solvent and by maintaining the reaction medium
at a temperature comprised between 60 and 80°C, preferably about 70°C, for a
period of 8 to 15 hours, preferably about 12 hours. In these two cases, the reaction
can be facilitated by adding a silver salt to the reaction medium.

15 The reaction scheme given above shows that the reaction leads to two cis
and trans complexes, which are the only complexes formed in the case in which
R1is Hand R2 is -CH,CH,;NH,. A person skilled in the art will easily understand
that statistical mixtures of several complexes can be obtained in the case in which
R1 and R2 are both free radicals having a molecular weight equal to or higher

20 than that of the -CH,CH,NH, group. It has been shown that such mixtures are
usable on the industrial scale and must not necessarily be purified to yield the
desired result.

The bifunctional organic binder, which constitutes one of the essential
components of the inventive solution, consists of one or more compounds having

formulas Va or Vb defined above. These compounds comprise at least one

[~
A

functional group of the alkoxysilane type suitable for forming a chemical bond

with the oxidized surface of the substrate and at least one amine functional group
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Compounds of formulas (Va) or (Vb) are for example selected

from the group consisting of:
(3-Aminopropyhtriethoxysilane;

10 (3-Aminopropybhytrimethoxysilane;
m-Aminophenyltrimethoxysilane;
p-Aminophenyltrimethoxysilane;
p.m-Aminophenyltrimethoxysilane;
4-Aminobutyltriethoxysilane;

15 m, p (Aminoethylaminomethyl)phenethyltrimethoxysilane;
N-(2-Aminoethyl)-3-aminopropyltriethoxysilane;
N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane;
2-(4-Pyridylethyltriethoxysilane;
Bis(3-trimethoxysilylpropyl)ethylenediamine;

20 (3-Trimethoxysilylpropyl)diethylenetriamine;
N-(3-Trimethoxysilylethyl)ethylenediamine;
N-(6-Aminohexylyaminopropyltrimethoxysilane;
(3-Glycidoxypropyl)trimethoxysilane;

(3-Glycidoxypropyl)triethoxysilane;
5,6-Epoxyhexyltriethoxysilane;

| )
wh

(3-Mercaptopropyl)trimethoxysilane;
(3-Mercaptopropyhtriethoxysilane;
Bis[3-(triethoxysilyl)propyl]disulfure;
3-Chloropropyltrimethoxysilane;
30 3-Chloropropyltriethoxysilane:
(p-Chloromethyhphenyltrimethoxysilane;
m,p ((Chloromethyhphenylethyhtrimethoxysilane.
As an example of preferred organosilane compounds suitable for use in the
context of the present invention, mention can be made in particular of:
35 e compounds having formula (Va), wherein:
X 18 NHo, and
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bi functi onal organic binder is present ith the activated solution in a
gquantity generally conprised between 10-5 M and 10-1 M preferably between
10-4 Mand 10-2 M still nore preferably between 5x10-4 M and 5x10-3 M
According to a particular feature of the invention, the activation solution
is free of compound conprising A least two glycidyl functions or of a
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Glycidoxypropyl)trimethoxysilane or EPTMS);

or X is Cl; L is CH,CH,CH> and R is CHs (compound named 3-
Chloropropyltrimethoxysilane or CPTMS).

15 A particularly preferred organosilane compound in the context of the
present invention is 3-aminopropyl-trimethoxy-silane (APTMS).

Advantageously the bifunctional organic binder is present in the activated
solution in a quantity generally comprised between 10° M and 10" M, preferably
between 10*M and 107 M, still more preferably between 5x10°% M and

20 5x107 M.

According to a particular feature of the invention, the activation solution is
free of compound comprising at least two glycidyl functions or of a compound
comprising at least two isocyanate functions.

The solvent system of the solution according to the present invention must

25 be suitable for solubilizing the activator and the binder defined above.

The solvent system may consist of one or more solvents selected from the
group consisting of N-methylpyrrolidinone (NMP), dimethylsulphoxide (DMSO),
alcohols, ethyleneglycol ethers such as for example monoethyl-diethyleneglycol,
propyleneglycol ethers, dioxane and toluene.

30 [n general, the solvent system advantageously consists of a mixture of a
solvent suitable for solubilising the palladium complex in combination with a
solvent such as an ethyleneglycol ether or a propyleneglycol ether.

A particularly preferred solvent solution in the context of the present
invention, particularly due to its very low toxicity, consists of a mixture of

35  N-methylpyrrolidinone (NMP) and monoethyl ether of diethyleneglycol. These
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-R1 is H, R2 is CH,CH,NH, and X is Cl, a complex named
(diethylenetriamine)(dichloro) palladate (II);

10 -R1 and R2 are identical and are CH-CH-OH and X 1s Cl, a
complex named (N,N'-bis(2-hydroxyethyl)ethylenediamine)-(dichloro)
palladate (II);

- complexes having the formula (Ila) wherein:
-R1 is H, R2 is CH,CH>NH, and Y is two Cl, a complex named
15 trans-bis(diethylenetriamine) palladate (IT);
- complexes having the formula (IIb) wherein:
-R1! is H, R2 is CH,CH-NH, and Y is two Cl, a complex named
cis-bis(diethylenetriamine) palladate (II);
at a concentration of 5x10° M to 5x107 M.
20 ¢ a binder consisting of one or more organosilane compounds selected
from the group consisting of compounds having formula (Va) wherein:
X is NH; and
L is CH,CH,CH; and R is CH3 (APTMS);
or L is CH,CH>CH>- and R is CH,CH; (APTES);
25 or L is CHCH,NHCH-CH, and R is CH; (DATMS or DAMO);
X is SH; L is CH,CH,CH; and R is CH,CH3 (MPTES) ;
or X is C4HsN: L is CH,CH» and R is CH,CH4 (PETES) ;
or X is CHCH-0O: L is CH,CH-CH, and R is CH: (EPTMS);
or X is Cl; L is CH,CH,CH, and R 1s CH3 (CPTMS);
30 at a concentration comprised between 107 M and 107 M.
According to a second aspect, the present invention relates to the use of a
solution as described above, for activating the surface of a substrate, in particular
a silicon-containing substrate, for its subsequent coating by a metal layer
deposited by the electroless method, the said surface consisting exclusively of one

or more oxides.

L
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iON, SIiOC.\. or SIOCI .cording to a third aspect. tic presk.lit inmention
rel ates twoaonmBhaad 10 activating the oxidized surface eCT&EPRIllo6BEM | 1T by
a netal |ayer deposited using an el ectridl ess nethod, said surface
consisting of one or nore oxides in particular of (a) silicon oxide(s),
characterized in that it consists in contacting said concentrated surface
with a solution as defined above. Preferably, this activation nmethod is
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15 minutes.

The substrate surface is advantageously contacted with the activation
solution according to the present invention by immersing the substrate coated with

20 the oxide layer in the activation solution.

Advantageously, prior to it contacting with the activation solution, the
oxidized surface of the substrate is subjected to a surface treatment for promoting
the presence of a hydroxyl group on the surface. This treatment generally
comprises the following steps:

25 a) treating the surface by an acidic solution such as piranha mixture
(H,O-/H>SO, 20/50 (v/v)) for a period of between 30 minutes and 90 minutes, for
example about 60 minutes, at a temperature between 60 and 90°C, for example
about 70°C;

b) treating the surface thus obtained with water, preferably deionized, for a

30 period of 30 minutes to 90 minutes, for example about 60 minutes, at a
temperature comprised between 60 and 90°C, for example about 70°C;

¢) drying the surface thus treated, for example under a nitrogen stream.
Alternatively, this prior treatment of the oxidized surface of the substrate may be a

UV treatment at 28 000 uW/cm~ for a wavelength of 254 nm under an ozone

b
LA

stream for 10 to 30 minutes, preferably 15 minutes.



10netal |ayer, in particular usinc2 Such a nethod is particularly
useful for fabricating through vias for three-dinensional integrated
circuits wo2awwshsiwhe surface of an electricity conduct iPOE/EPR010/064565

sem conducting substrate is successivell coated with a first internal |ayer
of an oxide, in particular silicon, form ng an electrical insulating film
and a 15netal internediate |layer form ng a copper diffusion harrier, and an
out er copper seed | ayer. The net hod according to this fourth aspect
of the invention can use any nmetal which can be el ectrol essly deposited on
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Such a method is particularly useful for fabricating through vias for

three-dimensional integrated circuits in which the surface of an electricity
conducting or semiconducting substrate is successively coated with a first internal
layer of an oxide, in particular silicon, forming an electrical insulating film, and a

15  metal intermediate layer forming a copper diffusion barrier, and an outer copper
seed layer.

The method according to this fourth aspect of the invention can use any
metal which can be electrolessly deposited on the activated surface of the
substrate.

20 For the preferred applications of the invention, the metal preferably used is
selected from noble metals and transition metals, and alloys thereof. These metals
may be alloyed with elements such as phosphorous or boron or a mixture of these
compounds.

Such materials, and in particular nickel-based or cobalt-based materials,

25  constitute particularly advantageous barrier layers for preventing the migration or
diffusion of a copper.

Excellent results have been obtained in the context of the present invention
with nickel alloyed with boron.

The electroless deposition of a metal layer is a well known method to a

30 person skilled in the art.

In the context of the present invention, the coating of the activated surface
of the substrate is carried out by contacting the activated surface with a liquid
solution, preferably aqueous, containing:

-at least one metallic salt, preferably at a concentration comprised

35  between 10° Mand I M



under condi( iorHtOr formng a netallic filmhaving a thickncss nf at

| eas. 30 n'inonetics. preferabl ,:ninprised between 30 nanonetre.s and H
iierons. woi2bir/apgioi re pre ferabl conprkei between 70 nanompeoiesessnsl 200
nan,,inet res. 10Ad% antageousl v. the laetallic salt of the aforenentioned
nmetal water-soluble salt selected fromthe group consisting of the acetate,
acetyl acet onat e, hexal | uor o- phosphat e, ni trat e, perchl or at e, sul phat eor

tetrafl uoroborate of the said netal. A preferred netal salt, in
t he context of the present invention, is nickel 15sul phate hexahvdrate.
Advant ageously, the aforenentioned reducing agent can be selected fromthe
group consisting of h I er
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ender nﬂmﬂ er edﬁdmmbﬁmw CtheNetdllidTeal | b eheaghicman@meamici:ons, thei
mll: 0:; e net al suriace gf a c t hS|rate
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Advantageously, the aforementioned reducing agent can be selected from
the group consisting of hypophosphorous acid and salts thereof, boron derivatives,
glucose, formaldehyde and hydrazine.

A preferred reducing agent in the context of the present invention is a

20  derivative of borane such as, in particular, dimethylamino borane (DMAB).

The stabiliser can be selected from the group consisting of ethylene
diamine, citric acid, acetic acid, succinic acid, malonic acid, aminoacetic acid,
malic acid or an alkali metal salt of these compounds.

A preferred stabilizer in the context of the present invention is citric acid.
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In general, the metal layer can be prepared by soaking in the
aforementioned liquid solution, at a temperature comprised between 40 and 90°C,
preferably at 70°C, for a period of 30 s to 20 min, according to the desired
thickness of the layer.

According to an advantageous embodiment, this layer can be annealed at a
30 temperature comprised between 200 and 400°C, preferably at 250°C, for a period
of | min to 30 min, preferably about 10 min, under inert or reducing atmosphere.

In the context of the preferred applications of the invention, the method
described above is supplemented with a step for the formation of an additional
copper seed layer.

Advantageously, the aforementioned copper seed layer can be prepared by

Lad
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a deposition process by wet electrodeposition comprising:



sai d copper seed |ayer. According to a preferred enbodi nent, this

| i quid solution conprises those of the copper ions at a concentration
conpri sedwbebwasm186 and 64 inM the nolar ratio conpri ®E€U/EPRIMDEIT6S he
copper ions and the ethyl enedi am ne préfserably bei ng 15conpri sed between
1.96 and 2. 00. Al though in principle, there is no restriction
concerning the type of solvent (provided that it sufficiently solubilizes
the active species of the solution and does not interfere with the

el ectrodeposition), it is preferably water. In general, the source
of copper ions is a copper salt such as in particular 20copper sul phate,
copper chloride, go trat NRel. acet r r

sul phate, and Stlﬁ Pgﬁr}g‘gcgg%r@ eir%gdf%g%ﬁpe? Sllt)k%ltﬂﬁt e% gntgghééé}:g\ggﬁmn
According t occanprsefeer red enbodi nent, the contacting of the surface to be
coated with the liguid selMtjan is carried out without electri c

pol ari zation, that is w.thout inposi ng an electric current r ﬁgrr C
potential with r ega?iPet 6O ?‘Sédﬁ’ﬁrﬁé‘f” PRECFBHEDPEWER Felt

icl' AVILLC el ect rgderdhoy bhivsers uf i@l mptii or to the el ect roderr o\| hon st ep.
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in a ral 1s2t: *f r out g t". \.cul - to 10 m.eni , and nore particularly
from1 mA et PPECRRCEIPE™ and to a i ni mum current per unit area

conprised in a rangerdhg tr oprddemd anbodimont108s inguAd stluiion ;Olapd%cpnhrfscrahl \
o e oy ol dheconper MBS PRITLEHLAY| dumphQ% FRXLINR G ELRM R BLLES. |00

time may be conp ween 6 secon bet ween
0.1 and 0.8 @eeowdsllseﬁdqttmﬁm eorpBOIYNS @n@@e§§bmdmmrq erefaeb P einBum

current pplq&hagkk@gmk%g§l@kbﬁdh@oconprrsed between 2x10-3 and 1.6 seconds,
preferably be ) and 0.8 second, for exanple about O. §4 second.

The nunber of cychiglough iparipgple; @ﬁfedupo(ﬂ‘“th“r‘%’@“tcﬁf‘%er%lf“érﬁhed‘éﬁ‘eﬁ ©Ht he

desired thi C(lf)ﬁﬁﬁ&dQBattthlfﬁ@r@ﬁﬂl\ﬂg) ubilizes the hcf!w@&p@j’i@d of the peus@naskideked in
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|
knowi ng that“%ﬂ&%&elﬁﬁéﬁﬁg‘é\‘?gﬁ%%%’lp%gﬁn rté?%ng%Tbgy 30&6ndi tions it has been
observed that thendepesl tthosmuwrat e ¢®p61b@u$ is0a Bopyer pér swdcond.particular

20 copper sulphate, copper chloride, copper nitrate, copper acetate, preferably copper
sulphate, and still more preferably copper sulphate pentahydrate.

According to a preferred embodiment, the contacting of the surface to be

coated with the liquid solution is carried out without electric polarization, that is

without imposing an electric current or electric potential with regard to a

counter-electrode or with regard to a reference electrode to this surface, prior to

)
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the electrodeposition step.

In principle, there is no restriction on the step of separating the substrate
coated with this copper seed layer after the formation of the coating.

In this method, the step of forming the coating by electrodeposition is

30 carried out for a sufficiently long period to form the desired coating. This period

can casily be determined by a person skilled in the art, because the growth of the
film is a function of the charge which is equal to the time integral of the electric
current passing through the circuit during the deposition time (Faraday’s law).

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

35 polarized, either in galvanostatic mode (fixed imposed current), or in potential



This method has served to prepare copper seed |a\ Lrs having a thickness
conpri sed between 50 nmand 1 ' Am preferably between 200 and 800 rnu, for
exani) c wbaot/@0Aoran, on the netal surface formng a eopEePeowdiosdsesi on
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ued wer eh! i né _C(diCIdL} oL ECIn Mm)smrrtddt @113”113}1 Q_Tl\ﬂﬁn,&i’g) | I’l [11C, Cf0114)\\ 111,2
ITM CViati Onti i 'H&ef&ah%ﬁix bedn Bbscrmd?th%l- ﬂ*&é@uian‘%ﬂaﬂxﬁ”{ﬁ& codkihbWaR pci

mn: mnute. - Activation fo eectro €SS osition, of a
substrate colteyapd Ry @f’]iiﬂé‘lﬂlqnclﬁri?“&“%ﬂ’% prajrérb! Sl”b?*dﬁ‘r g)rﬁ‘%f"’é‘olgﬁf‘?%n

accor d:c ng t o} @thgentl on cont ai ni ng a pal l adi um corrpl ex and an am no sil ane
type of conpoun ng of the surfac exanpl e, the
substrate used wa¥ ‘“%eirﬁ b’ﬁ étSEp%W Wt T "Cirﬁué éc]eslmpfémﬁgpée %% 750 um
t hi ck coat edcanietporalidgayer mokingith icoomntdicoxinderdaSicOR)rishdvn ngageet Hifekness of
about 300 nm, ;The sanp! I%Smgecrgfs A}'\?%&ﬁ p%tﬁﬁ?ﬂklﬁdnqg YE,QQB?Q t”;'@m@ cm@ m of

concentrated su phurl Cc aci g% peroxi de (H20 for
30 m nutes a@dﬁe@Hﬁanﬂumﬁéﬁemﬁ)ﬁdéﬁlbﬁﬂzéﬁmﬁmfélrmatf‘m?&?@ ff’cﬂm 8onruties, to

pronot e fhe pﬁ@g@lﬂ(?ed,gfprm%gx(yﬂg @noups. on the surface of the 20silicon
di oxide. The sanp| g?e 'pdxtlcuﬁlrt he?mr h}gg%jurgbgtgge%?t Ilaé/lal\{\gatugndUm?,mmZﬁ/d bwat er
comprised between 2x107 and 1.6 seconds, preferably between 0.1 and 0.8
seconds, for example about 0.36 second, while the minimum current polarization
time may be comprised between 2x107 and 1.6 seconds, preferably between 0.1
15  and 0.8 second, for example about 0.24 second.

The number of cycles to be carried out during this step depends on the
desired thickness of the coating.

In general, a person skilled in the art can easily determine the number of
cycles to be carried out, knowing that under the abovementioned preferable

20  conditions it has been observed that the deposition rate is about 0.3 nm per
second.

This method has served to prepare copper seed layers having a thickness
comprised between 50 nm and 1 um, preferably between 200 and 800 nm, for
example about 300 nm, on the metal surface forming a copper diffusion barrier in

25 athrough via type of structure.

The invention will be better understood from a reading of the description
of the following non-limiting exemplary embodiments, provided in conjunction
with the appended figures which respectively represent:

Figure 1: Schematic representation of a galvano-pulsed protocol usable

30 for the formation of a copper seed layer.

Figure 2: Scanning electron microscopy of a Si-SiO»-NiB-Cu stack
obtained in emmpie L.

Figure 3: Scanning electron microscopy of a Si-SiO,-NiB-Cu stack

obtained in exampic 4.
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The following examples were obtained on the laboratory scale.  Unless

otherwise indicated, these examples were prepared under standard temperature



before being activated according to b). b Activation of the substrate
surface: hi) PrefLtration of the palladi um conpl ex: In a 250 m

si ngl e- newRedivmsiy . ;02 ng (4.52 nmol es) of pall adi um eormrede/ R$612, 50
m of deioni/edater .tnd | m of conceni7raicddroclilorie ;Acid (37 ,H . |
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pal | adi um corrpl exindhgre GXemAes-dhe BHORSENBPIe T HIRR fREX 8 UPghe purity 1095
). The mixture wasg/Btardmegtr 1163) Treatment of the substrate surface

The m xture obt ai negl “after _aforementioned step h2) was heated to about 65C
and the substrate 'Prepaied i W'step a) descri bed above was i nmersed therein
15 for about 10 mmutesnut@he substrate thus treated was then abundantly
rinsed with deionized water and dried under nitrogen stream This operation
was carried Qut for three sanples at the tine considered as t=0. The

sol uti on wasEsdmplgeld Adivagipndfor electaphsssedrposisioperiat grlesteig copted st ad in a
desiccat@y. dhi®e EeamteRydr sRen eﬂoﬁﬁgprsﬂlurﬂﬁnt Qc&ﬁ@ﬁlﬂalo Ve ivaebaed at
t=6.5 hours in the sa

| uti on ai n hea d Af t er storageln
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treated sanples were rinsed abundantly w th dei oni zed wat er and t hen
subjected to .t elf”g)l (Im ng.glreatments. In the foll ow ng description,
the term"s 5 e nmeans each of the substrates thus treated.
(2\'. tI1Cl1() 11t. I]g(lm)s cokinpEUItiv Subg@die use whs @isilicon coupon with 4 cm sides
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50 ml of concentrated sulphuric acid (H,SO,;) and 20 ml of hydrogen
peroxide (H,0,) for 30 minutes at 70°C, and then in deionized water at 70°C for

30 minutes, to promote the presence of hydroxyl groups on the surface of the
20  silicon dioxide. The samples were then rinsed abundantly with deionized water

before being activated according to b).

b) Activation of the substrate surface:

b1) Preparation of the palladium complex:

In a 250 ml single-necked flask, 802 mg (4.52 mmoles) of palladium
chloride PdCl,, 50 ml of deionized water and | ml of concentrated hydrochloric
acid (37%, d=1.17), or an acid concentration of 0.2 M, were introduced. The

mixture was heated at 60°C for 20 minutes to dissolve the palladium chloride and

b
Ln

thereby obtain a brownish-red solution of HoPdCl..

30 0.500 ml (4.58 mmoles) of diethylene triamine was added to the solution
thus obtained. This addition caused a change in colour of the solution from
brownish-red to orange yellow.

The reaction medium was maintained at 60°C for an additional 2 h.

The solvent was evaporated in a rotary evaporator. The remaining solid

[
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was recrystallized in hot ethanol to obtain 1.268 g of a palladium complex having
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The duration of this step depends, as may be understood, on the desired
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PP c? Iomzed water and) &rled under nitrogen stream. This operation was carried out

for three samples at the time considered as t=0. The solution was allowed to

return to ambient temperature and was stored in a desiccator. Three samples

prepared according to step a) were immersed at (=6.5 hours in the same solution

20 again heated to 65°C. After storage in a desiccator, the operation was repeated at

time t=15 hours. All the treated samples were rinsed abundantly with deionized
water and then subjected to the following treatments.

In the following description, the term “substrate” therefore means each of

the substrates thus treated.

N
n

¢) Electroless deposition of a metal layer of NiB

cl) Extemporaneous preparation of the electroless solution:

In a I litre container, 31.11g of nickel sulphate hexahydrate (0.118 moles),

44.67 ¢ of citric acid (0.232 moles) and 58 ¢ de N-methyl-ethanolamine

30 (0.772 moles) were introduced successively. The final pH was adjusted to 9 with

the base and the total volume was adjusted to [ litre with distilled water. The
solution was stabilized with 0.111 g of thiodiglycolic acid (0.739 mmoles).

To nine volumes of the aforementioned solution, just before carrying out

the next step, a volume of reducing solution was added comprising 28 g/l of

35  dimethyl-amino borane (DMAB; 0.475 moles).
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Protocol:

The electrodeposition method employed in this example comprised a
copper growth step during which the treated substrate obtained after step ¢) was
cathodically polarized in galvano-pulsed mode and simultaneously rotated at a

20 speed of 40 revolutions per minute.

Figure 1 shows in detail the galvano-pulsed protocol used, with a total
period P of 0.6 s; a polarization time Ton of 0.36 s during which a current per unit
area of 2.77 mA.cm’ was imposed; a rest time Toff without polarization of 0.24 s.
The duration of this step depends, as may be understood, on the desired thickness

of the seed layer. This duration can easily be determined by a person skilled in

I
n

the art, since the growth of the film is a function of the charge passed into the
circuit. Under the aforementioned conditions, with a deposition rate of about
1.5nm per coulomb of charge passed into the circuit, a duration of the
electrodeposition step of about 15 minutes served to obtain a coating having a

30 thickness of about 300 nm.
The substrate thus coated with copper was removed from the
electrodeposition solution at zero speed of rotation in about 2 seconds and then

rinsed with deionized water and dried under nitrogen stream.
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efficiency does not diminish over time, at least for a period compatible with

industrial use. No precipitate was observed in the activation solution after
15 hours.

15
Example 2: Activation for electroless deposition, of a substrate coated with
aluminium oxide of the Al,O3 type from a solution according to the invention

containing a palladium complex and an amino-silane compound.

20 a) Cleaning of surfaces
In this example, the substrate used was aluminium coupon with 4 cm sides

(4*4cm) and 750 pwm thick coated with a layer of aluminium oxide of type ALOs
with a thickness of 5 nm. The cleaning was carried out at the same conditions as

in example 1.

25
b) Activation of the substrate surface:
The activation solution was identical to the one used for example 1.
¢) Electoless deposition of a metal laver of NiB
30 The NiB layer was deposited in the same way as in example L.

d) Formation of a copper seed layer:

The copper seed layer was deposited in the way as in example 1.
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a) A cleaning of surfaces

15 The surfaces were cleaned under the same conditions as in example 1.

b) Activation of the substrate surface:

The activation solution was prepared by dissolving 4 mg (0.014 mmoles or

0.065 g/l) of Na,PdCly in 2.5 ml of water (4% m/m), 60 ml acetonitrile

20 (95% m/m) and 0.6 ml of aminopropyl trimethoxy silane (APTMS, purity 95%,
1% m/m). The SiO, samples were immersed for 10 minutes at 65°C in this
activation solution. An abundant white precipitate was observed after a few
minutes in the activation solution, characteristic of the polymerization of the

silane compound in the presence of water.

25
¢) Electroless deposition of a metal layer of NiB
The samples obtained after aforementioned step b) were treated following
the protocol described in step ¢) of example . No metal deposit was observed
after this step (Table 1, entry 5).
30
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a) Ceaning of surfaces The cleaning was carried out in same conditions as
in exanple 1. b) Activation, of the sul)stratc surface: 75"1 ht.' dG|?
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L T 2 SR S0 Py iy SR o ‘mf‘e*%t o).
Tabl e Ent r yea®tédhivithi 4 siliserr disédentaiyer SKD2, from gololittiopnaqeordirg ity ipafant
propLir:tliopgdiShiby WH/amoriges8 (RdnhdiEST AN palladium  compound, an
amino-silane compound and a water-DMSO mixture.
5 For comparison, comparative example 3 was reproduced using an
activation solution obtained from a commercial palladium salt in the presence of
water and by replacing the acetonitrile by dimethyl-sulphoxide (DMSO), as
described in patent application WO/2009/086230.

10 a) Cleaning of surfaces

The cleaning was carried out under the same conditions as in example |

b) Activation of the substrate surface:

The activation solution was prepared by dissolving 4 mg (0.014 mmoles or

15 0.065 g/l) of NayPdCly in 2.5 ml of water (4% m/m), 60 ml of DMSO (95% m/m)
and 0.6 ml of aminopropyl trimethoxy silane (APTMS, purity 95%, 1% m/m).

The samples were immersed for 10 minutes at 65°C in this activation solution
(t=0) and then rinsed abundantly with deionized water before being dried under
nitrogen stream. The activation solution was stored in a desiccator. After one

20 hour (t=1 hour), the activation solution was heated again to 65°C and new samples
of Si0, were immersed therein for 10 minutes and then rinsed abundantly with
deionized water. The same protocol was repeated after two hours (= 2 hours).

An abundant supernatant white precipitate was observed in the activation solution

after one hour, characteristic of the polymerization of the silane compound in the

25 presence of water.

¢) Electroless deposition of a metal laver of NiB

The samples obtained after aforementioned step b) were treated following
the protocol described in step ¢) of example 1. In this example, the formation of a
30 metallic film was observed as expected, for the samples prepared at =0 and at

t=1 hour.

d) Formation of a copper seed layer:

The deposition of the copper seed layer was carried out in the same way as
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23

Results:

The adhesion result showed that at time =0, the adhesion is higher than
20 J/m* (Table 1, entry 6), but decreases to 12.7 J/m? (Table 1, entry 7) for the
samples prepared at t=1 hour. A salting out of palladium was also observed in the

electroless solution during the passage of the sample at t=1 hour. This salting out

h

caused the destabilization of the electroless solution, which precipitated
abundantly. This observation confirmed the poor adhesion of palladium to the
substrate surface due to the destabilization of the activation solution (formation of
a white precipitate of polysilane). After two hours, no metal deposit was observed
10 (Table 1, entry 8). The activation solution was therefore more active after one

hour.

Comparative example 5: Activation for electroless deposition of a substrate
coated with a silicon dioxide layer SiO; from a solution according to patent
15 application WO/2009/086230 containing a copper compound, an amino-silane

compound and a water-DMSO mixture.

For comparison, comparative example 4 was reproduced by replacing the

palladium compound by a copper compound as mentioned in patent application

WO/2009/086230.
20
a) Cleaning of surfaces
The cleaning was carried out in same conditions as in example 1.
b) Activation of the substrate surface:
25 The activation solution was prepared by dissolving 5.9 mg of CuSOy,

5H>0 (0.094 g/1) in 2.5 ml of water (4% m/m), 60 ml of DMSO (95% m/m) and
0.6 ml of aminopropyl trimethoxy silane (APTMS, purity 95%, 1% m/m). The
samples were immersed for 10 minutes at 65°C in this activation solution (t=0)
and then rinsed abundantly with deionized water before being dried under
30 nitrogen stream. An abundant blue precipitate was observed in the activation
solution after a few seconds, characteristic of the polymerization of the silane

compound in the presence of water.

L
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deposit 6 Si O According to conparative exanple 4 0 >20 7 Si O, According to

conparative exanple 4 12.7 8 Si O According to conparative exanple 4 -7 No

met al depwei01193%10, According to conparati ve exanpl e 5POTN®20me064568leposi t
24

¢) Deposition of electroless deposition of metallic layer NiB

The deposition of the NiB layer was carried out in the same way as in
example 1. In this example, no metal film formation was observed (Table I,

entry 9).

5
Table 1:
Time after
Entry SUb*’t ’rate Activation solution pr epahra’ugn Adheszlgn
surface of activation (J.m™)
solution (h)
1 510, According to example | 0 >20
2 Si0» According to example | 6.5 >20
3 SiO> According to example | 15 >20
4 AlLOs According to example 2 0 >20
5 S0, Accqrdmg to 0 No met.al
comparative example 3 deposit
, ) According to 7
6 810, comparative example 4 Y >20
_ According to R
7 Si0; comparative example 4 I 12.7
. According to No metal
8 S0 | comparative example - 2 .
omparative example 4 deposit
; . According to No metal
2 $i0; comparative example 5 0 deposit

The results given in Table 1 above show that the solutions according to the
10 present invention clearly serve to activate the oxidized dielectric surface of the
substrate, such as a semiconductor substrate, for its subsequent coating with a
metal layer deposited by the electroless method, followed by a copper seed layer,

and giving rise to multilayer structures having excellent inter-layer adhesion.
These results also show that unlike the known compositions of the prior

art, these solutions preserve their effectiveness over time for a period of at least

[—
L

15 hours, compatible with their use on the industrial scale.
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el ectrol ess deposition of a substrate coated Nvith a silicon dioxide (SHY')
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conplex and a thiosilane conmpoun(l. 5 Cleanim! 1utThecs: eicanin awas
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purity 95% were introduced into a clean dry beaker. The m xture was
stirred. b2)_ T%ga%nen% f tpg€§ubstrate surface The treatnent of
t he substrat ed out in the sane way as in exanple 1. 20
Fl ectrol css deposllid dennofe wanetiadd duyederdhe NinB conHdionayen GRIYEB! -V |
?eposited in the sane way as in exanple I. d Formation of a copper seed
aver:

b) Activation of the substrate surface:

10 b1) Preparation of the activation solution
8 mg of the complex obtained from step bl) of example 1 were dissolved
in 10 ml of N-methy! pyrrolidinone (NMP).
50 ml of diethylene glycol monoethyl ether, 10 ml of the abovementioned
NMP solution containing the palladium complex and 0.6 ml of (3-

15 mercaptopropyl)trimethoxysilane (3MPTMS: purity 95%) were introduced into a

clean dry beaker. The mixture was stirred.
b2) Treatment of the substrate surface

The treatment of the substrate surface was carried out in the same way as

in example 1.

20
¢) Electroless deposition of a metal layer of NiB
The layer of NiB was deposited in the same way as in example 1.
d) Formation of a copper seed layer:
25 The deposition of the copper seed layer was carried out in the same way as

in example 1.

Results:
The adhesion measured in this example was higher than 20 Jm’,
30 characterizing a total absence of detachment of the layers after the tensile test. No

precipitate was observed in the activation solution.
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b) Activation of the substrate surface:

10 b1) Preparation of the activation solution

8 mg of the complex obtained after step bl) of example | were dissolved
n 10 ml of N-methyl pyrrolidinone (NMP).
50 ml of diethylene glycol monoethyl ether, 10 ml of the abovementioned
NMP solution containing the palladium complex and 0.6 ml of 2-(4-
15 pyridylethyDtriethoxysilane (PETES: purity 95%) were introduced into a clean
dry beaker. The mixture was stirred.
b2) Treatment of the substrate surface

The treatment of the substrate surface was carried out in the same way as

in example [

20
¢) Electroless deposition of a metal layer of NiB
The Jayer of NiB was deposited in the same way as in example 1.
d) Formation of a copper seed layer:
25 The deposition of the copper seed layer was carried out in the same way as

in example 1.

Results:
The adhesion measured in this example was higher than 20 J/m~
30 characterizing a total absence of detachment of the layers after the tensile test. No

precipitate was observed in the activation solution.
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by Activation of the substrate surface:

b1y Preparation of the activation solution

10 8 mg of the complex obtained after step bl) of example | were dissolved
in 10 ml of N-methyl pyrrolidinone (NMP).
50 ml of diethylene glycol monoethyl ether, 10 ml of the abovementioned
NMP solution containing the palladium complex and 0.6 ml of (3-
glycidoxypropyl)trimethoxysilane (GPTMS: purity 95%) were introduced into a
15 clean dry beaker. The mixture was stirred.
b2) Treatment of the substrate surface

The treatment of the substrate surface was carried out in the same way as

in example 1.

20 ¢ Electroless deposition of a metal laver of NiB

The layer of NiB was deposited in the same way as in example 1.

d) Formation of a copper seed layer:

The deposition of the copper seed layer was carried out in the same way as

25  inexample |

Results:
The adhesion measured in this example was higher than 20 J/m”,
characterizing a total absence of detachment of the layers after the tensile test. No

30 precipitate was observed in the activation solution.
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The samples were then rinsed abundantly with deionized water before being

15 activated according to b).

b) Activation of the substrate surface:

The activation solution was identical to the one used in example 1.

20 ¢} Electroless deposition of a metal layer of NiB

The deposition of the NiB layer was carried out in the same way as in
example 1. In order to guarantee good wettability of the solution inside the vias,

short periods (3 seconds) of ultrasound were used during the electroless

deposition.
25
d) Formation of a copper seed layer:

The deposition of the copper seed layer was carried out in the same way as

in example 1.
30 Results:

The adhesion measured in this example was higher than 20 M,
characterizing a total absence of detachment of the layers after the tensile test. No
precipitate was observed in the activation solution. The covering of the vias
revealed excellent uniformity of the deposit on all the vias. The thicknesses

35  measured at the bottom of the vias corresponded to 67% of the thickness

measured on the surface.
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1. Solution for activating the oxidized surface of a substrate, in particular a
silicon-containing substrate, for its subsequent coating by a metal layer deposited
5 using an electroless method,
characterized in that it contains:
A) an activator consisting of one or more palladium complexes selected

from the group consisting of:
10 e palladium complexes having the formula (I)

RI—N N—R2

—_ —R?
i /i

Pd

N
7

aNV4

(I
wherein:

- R1 and R2 are identical and are -H; -CH-CH-NH,; -CH,CH,OH;
or R1is Hand R2 is ~-CH-CH-NH;:
or R1 is -CH,CH,NH; and R2 is -CH,CH,NHCH,CH>NH>;
or Rl is -H and R2 is -CH>CH,NHCH,CH,NHCH,CH,NH>;
20 - Xis a ligand selected from the group consisting of CI'; Br; I'; H,0, NOs';
CHxSO5"; CFSO5; CH3-Ph-SO47; CHACOO

e palladium complexes having the formula lla or IIb

— — 2+ — — 24
RI—N N—R2 RI—N N—R2
NS Y N7 2
/Pd\ /Pd\ Y
R2—N N-—RI Ri—N N-—R2
25 (Ha) (1b)

wherein:

-~ R1 and R2 are as defined above and
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and being able to react with pall adi um conpounds of formula I; 15- L is a
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10 {X-(L)}an-SiOR), (Va)
wherein:

-X is a functional group selected from the group consisting of thiol,
pyridyle, epoxy (oxacyclopropanyle), glycidyle, primary amine, chlorine and
being able to react with palladium compounds of formula I;

15 - L is a spacer selected from the group consisting of CH, ; CHyCH; ;
CH»CH-CH, ; CH,CH,CH,CH, ; CH,CH,NHCH,CH, . CH,CH,CH.NHCH>CHx
CH,CH>CH,NHCH,CH>NHCH,CH,. CH,CH,CH,NHCH,CH,CH>CH,CH>CHa
Ph ; Ph-CH> ; et CH,CH»-Ph-CH, ; (Ph representing a phenyl moiety);

-R is a group selected from the group consisting of CHjz-, CH3;CHo-,

20 CH;CH-CHos-, (CH;3),CH-; and

-nis an integer equal to 1, 2 or 3;

- or the general formula:

(OR):Si~(L)-Si(OR);  (Vb)
25 wherein:
-L is a spacer selected from the group consisting of
CH,CH>CH,NHCH,CH>NHCH,CH,CH, and CH>CH>CH,-S-S-CH>CH>CH>;
- R is a group selected from the group consisting of CHs-, CH;CH;-,
CHACH>CH>-, (CH3),CH-;
30
C)a solvent system consisting of one or more solvents suitable for

solubilizing said activator and said binder.

2. Solution according to Claim 1, characterized in that it is water-free or
35 comprises water at a concentration lower than 0.5%, preferably lower than 0.2%

and still more preferably lower than 0.1% by volume.
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10 4. Solution according to anyone of Claims 1 to 3, characterized in that said
bifunctional organic binder consists of one or more organosilane compounds
having the formula (Va), wherein:

X is NH,, and
L is CH>CH>CH, and R is CHs (compound named (3-aminopropyl)-
15 trimethoxy-silane or APTMS);
or L. is CH,CH>CH, and R is CH3CH; (compound named (3-aminopropyl)-
triethoxy-silane or APTES);
or L is CH,CH,NHCH,CH, and R is CHxz (compound named [3-(2-
aminoethyl)aminopropyl] trimethoxy-silane or DATMS or DAMO);

20 X is SH: L is CH,CH,CH; and R is CH,-CH; (compound named (3-

Mercaptopropyhtrimethoxysilane or MPTES)

or X is C¢HsN; L is CH,CH; and R is CH,-CHj3 (compound named 2-(4-

Pyridylethyl)triethoxysilane or PETES) ;

or X is CHCH-O; L is CH,CH,CH; and R is CHj (compound named (3-
GlycidoxypropyDtrimethoxysilane or EPTMS);

or X is CI; L is CH,CH,CH; and R is CHsz (compound named 3-
Chloropropyltrimethoxysilane or CPTMS).

o
{-.,‘

5. Solution according to anyone of Claims 1 to 4, characterized in that said

30 solvent system consists of one or more solvents selected from the group consisting
of N-methylpyrrolidinone (NMP), dimethylsulphoxide (DMSO), alcohols,
ethyleneglycol ethers such as for example monoethyl-diethyleneglycol,

propyleneglycol ethers, dioxane and toluene.
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trans-bis(diethylenetriamine) palladate (11);

dro

- complexes having the formula (1Ib) wherein:
-R1 is H, R2 is CH-CH-NH; and Y is two Cl, a complex named
15 cis-bis(diethylenetriamine) palladate (II);

at a concentration comprised between 5%107 M and 5x10™ M.

7. Use of a solution according to any one of Claims 1 to 6, for activating
the oxidized surface of a substrate, for its subsequent coating by a metal layer
20 deposited by electroless means, said surface consisting exclusively of one or more

oxides, in particular of (a) silicon oxide(s).

8. Method for activating the oxidized surface of a substrate for its

subsequent coating by a metal layer deposited by electroless means, said surface

|3
hn

consisting of one or more oxides in particular of (a) silicon oxide(s), characterized
in that it consists in contacting said surface of said substrate with a solution
according to any one of Claims | to 6, preferably at a temperature comprised
between 50 and 90°C, for a period of 1 to 30 minutes, and still more preferably at
a temperature comprised between 65 and 70°C, for a period of 5 to 15 minutes.
30
9. Method for manufacturing an electronic device, characterized in that it
comprises the steps of:
a) activating the oxidized surface of a substrate such as in particular a
silicon-containing substrate, said surface consisting of one or more oxides, in
35 particular of (a) silicon oxide(s), by contacting said surface with a solution

according to any one of Claims | to 6, preferably at a temperature comprised
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preferably in a Litwin \ conprised 15between 10 Mand 1 M and an
agent for adjusting the pHto a value conprised between 6 and 11,
preferably between 8 and 10; under conditions for formng a netallic

filmhaving a thickness of at |east 30 nanonetres. preferably conprised
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a temperature comprised between 65 and 70°C, for a period of 5 to 15 minutes;
and
b) coating said surface thus activated by an electroless deposition of a

5  metal layer, in particular using nickel.

10. Method according to Claim 9, characterized in that said step b) is
carried out by contacting the activated surface with a liquid solution, preferably
aqueous, containing:

10 -at least one metallic salt, preferably at a concentration comprised
between 10 M and 1 M;

- at least one reducing agent, preferably in a quantity comprised between
10" Mand 1 M;

- optionally, at least one stabilizer, preferably in a quantity comprised

15 between 10° M and 1 M and

- an agent for adjusting the pH to a value comprised between 6 and 11,
preferably between 8 and 10;
under conditions for forming a metallic film having a thickness of at least
30 nanometres, preferably comprised between 30 nanometres and 100 microns,

20 still more preferably comprised between 70 nanometres and 200 nanometres.



