
Solution and process for activating the surface of a semiconductive
substrate        "(he present invention relates generally to the
manufacture of electronic devices, in particular such as integrated
circuits, especially in three dimensions, and a sub;cct is in particular a
solution and a process for activating the surface of a 5  substrate
comprising at least one area Conned from a polymer. for thc purpose of
subsequently covering it with a metal laver deposited by an electroless
route.        The invention finds its application essentially irt the field
of microelectronics for the metallization especially with copper of through
vias (also known as "through silicon vias" or "through wafer vias" or
"through wafer 10  interconnects"), which are the cornerstone of
integration of electronic chips (or "dies") in three dimensions (3D) or
vertical integration. It also finds its application in other fields of
electronics in which a substrate comprising through vias must be
electrically insulated and covered with a layer of copper. Mention will be
made in this context of the manufacture of interconnecting elements in
printed circuits 15  (also known as "printed circuit boards" or "printed
wire boards") or that of passive elements, such as inductances, or
electromechanics in integrated circuits or microsystems (also known as
"microelectromechanical systems").       The current electronic systems
are, for the majority, composed of several integrated circuits, or
components, and each integrated circuit fulfils one or more 20  functions.
For example, a computer comprises at least one microprocessor and several
memory circuits. Each integrated circuit usually corresponds to an
electronic chip in its own package. Integrated circuits are brazed or
plugged into, for example. a printed circuit board (or PCB) which ensures
the connection between the integrated circuits. 25The permanent need to
increase the functionality density of electronic systems has led to the
concept known as -three-dimensional integration or \ ertical integration
which is characterized in that the chips are superposed and connected
together hv vertical interconnections. The stack obwined thus comprises
several layers or strata of acti c components or chips, and constitutes
30an integrated circuit in three dimensions known as.;D integrated circuit
or ".;1,)        After stacking. for example Pv hondine. the Chips, ma\ he
indiN connected to the termituis of the package via connecting wircs.
Interconnection el the chips "encrailv calls upon the use of through
\valet. viUN. 35he basic technologies neccssm-% lor producing
three-dimensional inte,qated circuits especially comprise slimmingol the
silicon ?\.iters. alignment  WO 2011/029860PCT/EP2010/063210 2 between the
layers. bonding of the layers, etching and metallization of the through
wafer YiW., in each laver.        The slimming-down of the silicon wafers
may be performed before the manufacture of the through w afer vias (e.g. US
7 060 624; US 7 14S 56.5).        Alternatively. the etching and
metallization of the vias may he performed before slimming down the silicon
wafer (e. US 7 060 624: US 7 101 7()2). In this case, closed or "blind-
Yias are etched in the silicon and then metallized down to the desired
depth. before slimming down the silicon wafer, thus to obtain through wafer
vias. 10The 2ood electrical conductivity of copper and its high resistance
to electromigration, i.e. the low migration of the copper atoms under the
effect of the electrical CUrrent density, which is liable to be a major
cause of failure, make it in particular a material of choice for the
metallization of through wafer vias. The through wafer vias of 3D
integrated circuits are generally made in a 



15  similar manner to the "Damascene process" used in the field of
microelectronics for the manufacture of interconnection elements of
integrated circuits, according to a sequence of steps comprising:  etching
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 migration or diffusion of copper;  deposition of a copper
germination layer;  filling of the vias by electrodeposition of copper; and
removal of the excess copper by mechanochcmical polishing.        The
insulating dielectric layer may he inorganic (generally made of silicon
dioxide SiOr!, silicon nitride SiN or aluminium oxide_ for example).
deposited by CVD or the like, or organic (parylenc C. N or D. 1)0Killlide.
henzoc \-6)1)111k:11e or polvhenzoxazole, for example) deposited H dipping
in a liquid medium or SOG method (spin-on-glass). 30The copper-diffusion
barrier laver is ,generally made of tantalum (I a). titanium (-H. tantalum
nitride (TaNi. titanium nitride (TiN). titanium-tungsten alloy Cfli
tungsten nitride-carhide WCN) or a combination of these' materials, and is
generalb, deposited in the vapour phase (PVD. CVD or AIM.             I his
harrier la\ er mit? he formed from other metals such as. in particular.
35an alio\ based on nickel or cobalt in an electroless route. 11)11s.
patent application US 2(4)5/0 110 140 Jescrihe.a process for
prepariiaemiconductive device comprising a silica-based insulating
intermediate laver covered with a monomolecular film based on an organic
silane surface-modified with a compound containing palladium, the film thus
modified being covered via an electroless process with a layer based on
cobalt or based on  5 nickel forming a barrier, on which a layer of copper
may be deposited by electrodeposition.       A substantially similar
process is described in patent application US 2008/0 079 154, which
recommends in order to improve the adhesion properties between the various
layers of the semiconductive device, to perform  10 two consecutive
electrolcss treatments with a nickel-based compound (NiB) and then with a
cobalt-based compound (CoWP).       The process described in these prior
patent applications requires the use of two different solutions and two
different treatments to fix onto the intermediate insulating surface the
palladium compound serving as the activator for the 15electroless
deposition.       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 coveted with a illetallie layer via au  ectroless route. I he aim of the
present invention is to solve the technical problem that consists, in
providing a composition combining. within a single  30 solution. all 01 the
cmniponents tOr activating the polymer surface of a substrate, such as a
semiconductivc substrate bearing an insulating laver. for the purpose of
its subsequent coverinc w ith a metallic I ar en deposited via an elect
roles'. route, and then with a copper germination I,t\ er, leading to
multila'er structutes u ith eNcellent adhesion between the lavers. 35[bus.
according to a first aspect, one subject of the present mu cat momi is a
()1toion for activating the ,Arface of a substrate for the purpose of IN
-,{1b5cquenl  4 covering with a metal layer deposited via an electroless
route. said surface consisting exclusively of a polymer or comprising at
least one area formed from a polymer and it least one area formed from an
oxide. especially a silicon ON i de, characterized in that it contains:
A) an activator formed from one or more palladium co p ex(es) chosen from
the group Formed hy:  palladium complexes of Formula (I) 10 Rl-N N VN-R2
',Pd X NX  in which: - R1 and R2 are identical and represent H; CH2CH2NH2;
CH2CH2OH; or RI represents H and R2 represents CH2CH2NH2: 15 or RI
represents CH2CH2NH2 and R2 represents CH7CH2NHCH2CH2NH2; or RI represents
H and R2 represents CH2CH2NHCH7CH2NHCH2CH2N1-17 - X represents a ligand
chosen from the group formed by Cr; Br"; F; H20, NO3-; CH3S03 ; CF3S 03 ;
CH3-Ph-S03 ; CH3C00 



20 palladium complexes of formula ha or lib 2+ (11a) in which: - RI and R2
are as defined ahovk. and 25Y represents a counterion comprising' tw
neative charges Honed:  either Iron] two monoanions. prelembly chnsen From
thc : PF" :: NO: :LSO, - or from a dianion. prelerahly SOL '111 ed  5
B) a hinder 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        C) a solvent s\ su.sin
formed from one or more solvents capable of dissolving said activator and
said binder. In the text hereinbelow, the compounds of formulaea) and (1 )
may he collectivel V referred to as "compounds of formula (Ill-.
According to one particular characteristic of the invention, this solution
comprises: 10- the activator in a concentration of from 10.6 M to 10-2 M,
preferably from 10-5 M to 10-3 M and more preferably from 5x10-5 M to 5x104
M;       - the binder in a concentration from 10-5 M to 10.1 M, preferably
from 104 M to 10-2 M and more preferably from 5x10-4 M to 5x10-3 M.
In an entirely novel manner, the activator of the solution in accordance
15with the invention is formed from one or more palladium complexes
corresponding to formulae (I) and (II) defined previously.       The
complexes of formula (I) may be prepared by reaction between a palladium
salt of formula (III) and a nitrogenous bidentate ligand of formula (IV)
according to the following reaction scheme:   



/ \ HC1, 0.2MR-NN-R, N- /Pq X X       / \ Rl-NN-R2         20OM(IV)(I) in
which X. R1 and R2 have the meanings defined previously.        Nlore
specifik.tallv, a palladium salt of formula ( I II) is dissol%ed in an
ziqueous 0.2 NI hydrochloric acid solution at a temperature (4 between
40".(2 and 7580-C. preferably about 60 C for a period from 10 to 20
minutes_ preferably about 20 minutes. to obtain the soluble complex of
formula (12.PdCf.. At the endthe reaction, one equi\ alent of a
nitrogenotts bidentate ligand of formula (IV) is added to the reaction
medium. which is maintained at a, temperature of betC andC. preferably
about (.7))..C. for a period of 1    .; hours. preferably about 2 hours. to
gi% e the complex of formula (H. 'Elie addition of the lipmd re Its in a
colour change of the reaction medium. Ilie solvent i then C\ aporated off
and the solid residue is treated  6 recrystallization in a solvent, for
instance ethanol. Preferentially. the starting palladium compound is
palladium chloride 



PdC12.        Alternative] r the palladium salt of formula (III) may be
replaced with a palladium at of formula Pc1X.12-, such as K.:.1k1C1.:,
Li2PdC1.4. Na2RIC14 or (NH )j)(1(71.:. :Ns preferred examples of amine
derivatives or formula (1that may be used in the context of the present
invention. mL.:ution will he made especially of the following compounds:
10- diethylenetriamine (compound of formula (IV) in which RI represents a
hydrogen atom and R2 represents a CH2CH7NH2);       -
N,N'-bis(2-hydroxyethypethylenediamine (compound of formula (IV) in which
R1 and R2 are identical and represent CH2CH2OH).            An amine
compound that is particularly preferred in the context of the 15present
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:                       / \
RI-N /N Pd R2-N7 \/  /\HO. 0.21VI PdX2 + 2 eq. RI -NN- R2     



(11a)       (11b) 20in \\.hicli X. R1 and R2 have the meaning indicated
previousl?. lore specifically. a soluble complex of fornmla H PdCi.l'ormed
in an identical manner to that decrihed previous:I\ . At the end 01 the
reaction. t.\\alents of the nitro,,,Nnouss hidentate igand of formula t IV
I are added to the reaction medium. \\ Inch is: maintained at a H bCtWeC11
()(1and ,Sfft C for a period of to 15 hours. preferabh about 12 hours. to
.give He comple\c!, ot formulae Mot and MN. AlternatiN (21%. the complexes
of formula ( 1I ma he prepared front the  complexes of formula I) by adding
one equivalent of the nitrogenous bidentate ligand in a suitable solvent
and maintaining the reaction medium at a temperature of between ()WC dNO'C.
preferably about 7(rC, for a period of 8 to 15 hours, preferably about 12
hours. In these two cases. the reaction may be facilitated by 5adding a
silver salt to the reaction nik.clitun.        The reaction scheme given
previously shku.vs that the reaction leads to two cis and trans complexes.
which are the only complexes formed in the case where RI represents 11 and
R2 represents C1 l2C112NI-1.-,. A person skilled in the art will easily
understand that statistical mixtures of several complexes may be obtained
in  10 the case where RI and R2 both represent radicals with a molecular
mass greater than or equal to that of the group CI-K11N11,. It has been
shown that such mixtures may be used at the industrial scale and do not
necessarily need to be purified to give the desired result. 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. 20As 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, dicthylenc glycol diglycidyl ether. 4.4.-bisphenol
A-diglycidyl ether, 25glyceryt triglycidvl ether and triglycidyl
isocyanurate. A compound that is particularly preferred in the context of
the present ention is I .4 -hulariediol diglvcidyl ether. also known as
cligIveidl ether butane. CompoundN comprking two isocVallate 1111C11( in
may he chosen from the group brined by 1.2-phen\ lcne
dikocvanate:1.3-phenvIene dikoevanate:
301.4-phenvIenedi0ocvanatc:1.4-dikocvapatobutdne:1.6-dikoevanatohexanc:
1.8-diiNocanatooetanc:2.4-toluenedikoe\ Limue:~+-toluenedikoevanate:
.2.6-toluene dikoe triate: 3.3.-dintetboxv-4.4.-biphenvIenc dikocyanate:
kophorohe klikoe\ :mate: in- \v1vIene dikoevanatc;irai1)-1.4-eveloltex\
idle dikok.Aanatc: 1.3-1)kt I --im)t:-11ek.111)11(11/Clle:plICIIVI
isocvanate). 35lbe hinder is generally present in the acti\ at ion solution
in a concentration of from IC)topreferabk from I() NI to 10 M ftial more
from 5x10-4 Ni to .5/1.0.. M.        The solvent system for the solution in
accordance %yid' the present invention should be able to dissolve the
activator and the binder defined. previously. 5"Ibis so yent system may he
tbrmed from orte or more sol ? cuts chosen from the group formed by N-ineth
lpyrrolidinone tNINIP), chinetlivl sullbxide (DMS0). alcohols, ethylene
glYcol ethers. for instance monoethyl diethylene )col, prop% lene lycol
ethers. dioxane and toluene. In general, the solvent system is
advantageously formed from a mixture of 10a solvent that is capable of
dissolving the palladium complex in combination with a solvent such as an
ethylene glycol ether or a propylene glycol ether.       A solvent system
that is particularly preferred in the context of the present invention,
especially on account of its very low toxicity, is formed from a mixture of
N-methylpyrrolidinone (NMP) and diethylene glycol monoethyl ether. These
15compounds may be used in a volume ratio of between 1:200 and 1:5, and
preferably about 1:10.       According to one embodiment variant of the
invention, which is especially useful in the case where the surface to be
activated also comprises at least one area formed from an oxide, for
instance Si02 in the case of a silicon-based 



20semiconductive 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 to allow good adhesion
between successive layers of a substrate having a "mixed" structure, i,e,
comprising at least one area brined from a polymer and at least one  25
area (brined 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 L:0\ ered with a copper germination layer. It has
also been sllimn that the presence of onemore) such    organosilane
conipounds in the activation .olution according to the invention does 30not
harm the adhesion of the layers in the area.,, of the situ ace of the
substrate covered with polymer.       Accordintl to one pariktilar
characteristic of the invention, the orpno,,ilaik' compound corresponds:
-the general formula: 35 -Si(OR\d)  9 in which:       - X reprew.nts a
functional group chosen from the group formed from thin), pyridyl, epoxy
oxitcyclopropanyl). glycidyl, primary amine, chloro, and capable of
reacting with the palladium compounds of formula 1: 5- L represents a
spacer arm chosen from the group formed by CH
(711,CH2CH2C1-12-:CH2C11.:CH2CH2--;CH.C112NIICIT2CH-: CH2C1+C11NIICH2C1-12;
012012012Ni ICH2CH2N1 ICl2CH2: CH2C.1"711.7N I ICI lC H2C112CH2C1120-12;
Ph-C1-1,: and CH,C11.-Ph-C112: (Ph representing a phenyl nucleus); 10- R is
a group chosen from the group formed from CH3, CH3CH2, CH3C1-LCH2 and
(CH3)2CII; and - n is an integer equal to 1, 2 or 3; 



- or to the general formula: 15 (OR)3Si-(L)-Si(OR)3(Vb) in which:       - L
represents a spacer arm chosen from the group formed from
CH2CH2CH2NHCH2CH2NHCH2CH2CH2 and CH2CH2CH2-S-S-CH2CH2CH2 20- R is a group
chosen from the group formed by CH3, CH3CH2, CH3CH2CH2 and (C1-13)2CH.
Compounds of formula (Va) or (Vb) are chosen, for example, from the
following compounds: 25(3-aminopropyl)triedioxysilarie; (3-aminopropyl
)irimethoxvsilane; tri-antinuphenvItrimetlioxvsilane;
p-aminol)licnyltrinictlioxvsilane: p.in-aminophein Itrimethoxv,ilanc:
304_aniinobrityltriethoxvsilane: ni.p-(antinoe(h? larninomethyl
)plierietli' ltriniethoxvi amino2t11\11-3-unlin(Tropyltricilioxvilalle: N-t
2-antinoethyl )-3-aminoprop\ltrimetliox Hlatie; \ ridvicth Htricthox 35Inst
3.-ti-imk,'thoxv,i1v1prop\ I will lenediantinc: !prop vl)diethylenetriamin
:  10 N-(3-trimethoxysik,:lethyl)et1iylenediamine;    6-aminohexyl
)atinnopropvItrimethox vs ilane: (3-g1veidoxypropvlArimeilioxysilanc; 



(3-g1 cidoxypropvl )triethoxvsikinc; 55.6-epoxyhexyltriethoxvsilane:
(.1-mercaptopropyl)trimethoxvsilane: (3 -mercaptopropyl jtriethoxysilane:
bis13-t1riethoxysilyl)propyl idisul tide; 3-eh1oropropy1trimethoxsi1ane;
103-ch1oropropy1triethoxysi1ane; (p-chloromethyl)phenyltrimethoxysilane;
m,p-((chloromethyl)phenylethyl)trimethoxysilane.            As preferred
organosilane compounds that may be used in the context of 15the present
invention, mention may be made especially of: the compounds of formula (Va)
in which: X represents an N117 group and       L represents CH2CH2CH2- and
R represents CH3 (compound known as (3-aminopropyl)trimethoxysilane or
APTMS); 20or L represents CH1CH2CH2- and R represents CH3C1-12 (compound
known as (3-aminopropyl)triethoxysilane or APT-ES);       or L represents
CH2CH2NHCH2CH7 and R represents CH3 (compound known as
N-(2-aminoethyl)-3-aminopropy1trimethoxysi1ane or DATMS or DAMO); 25X
represents SH; L represents C1-12C1I2CH,- and R represents CH2-C1-13
(compound known as (3--mercaptopropyl)tritnetitoxysilane or NIP1 LS); or X.
represenk1... represents CI-12CIL and R represents C112-0-13 (compound
known ikvl ctIn I )1 rielllox s Haile or PENES);             or X repreents
C11C I I:0; I.. rt:pre.ent (..1.12C11.:C112 zInd R repreents: C1-13
30(compound known as (3-....tivcidoxYprop?li1ri1 etlioxyd1ane or EPINIS).
or X repreient CI L. represciik1(1.1:C1-1.: and R reprent-i (11: compound
known. aN - chloroprop? itrinictitoxilane OrNIS).             orgiino,ilane
compound ihut k particularly prel-errecl in the context. of II e prmt
invention k 3-aminoprop% I unmetliox(APIN1S). 35Ath .,tilut..2.0,11t,1 v.
the colic:erg rat ion of the orgatioquile 



L2enerallv bet wcen 10 NI andNI, prereraNY between 10 NI and 10 M ind  WO
2011/029860PCT/EP2010/063210 11 more preferably between 5x104 Ni and 5x10-3
According to One particularly advantageous characteristic, the activation
solution C01111)11Seti a VerV ',Man aMOUllt of water. flats, the water may
be present in a concentration of less than 1%, preferably less Wan 0.5% and
more pretend)] V lesN than 0.2(:i by volume.        An activation solution
that is particularly preferred in the context of the present invention
contains:  an activator formed from one or more palladium complexes chosen
from the group formed by: 10- complexes of formula (1), in which:
- RI represents H, R2 represents CH2CH2NH2 and R represents Cl, this
complex being known as (diethyIenetriamine)(dichloro)palladate(H);
R1 and R2 are identical and represent CH2CH2OH and X represents Cl, this
complex being known as (N,N'-bis(2-hydroxyethyl)-
15ethylenediamine)(dichloro)palladate(H);  complexes of formula (Ha) in
which:              - R1 represents H, R2 represents CH7CH2NH2 and Y
represents two CI, this complex being known as
trans-bis(diethylenetriamine)palladate(II);  complexes of formula (11b) in
which: 20- R1 represents H, R2 represents CH2CH2NH2 and Y represents two
Cl, this complex being known as cis-bis(diethylenetriamine)palladate(H); in
a concentration of from 5x10- M to 5x104 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 25ether in
a concentration of from 5x10-' M to 5.xI 0-3 M; and  all organosilane
compound chosen from the group formed from the compounds of i'ormula (Va)
in which X represents an NI I gr())1p and:  I represents C11-:Clls.C11:-
and R represents (compound being known as I 3-aininopropvl
)trimethoxysilane or IFIMS: 30-represents C/14."Il !CIL- and R repreciw,
CFI:, this compound being know n a 3-aminopropvl ttriethoxvsilanc or APTES:
L represents CII-CILN1ICILCII. and R represents CIL this compound being
know ii aswninoethyl taminopropvi trimethoNysikme or DATMS or DAM() 



35in a conck.mtration of between I() NI and 10 NI. According to a second
aspect, a subject of the piCSC111the tl,,C  12 of a solution as described
previously for activating the surface of a substrate for the purpose of its
subsequent covering with a metallic layer deposited via an electroless
route. said surface being formed exclusively from a polymer or comprisiili!
it least one area formed from a polymer and at least one area formed 5from
an oxide.        According to a first embodiment, the substrate whose
surface may be activated by performini.1 the present invention may he a
flexible substrate, also known as a -Ilex-, formed from a polymer with
dielectric properties Ilia; is capable of withstanding harsh conditions
such as high temperatures. These  10 substrates are especially useful in
the microelectronics sector, and more specifically for the manufacture of
flexible printed circuits (FPC) or electronic connections between two parts
of a telephone or a laptop.         These flexible substrates may be
polymers such as polyimides (Kapton(r) and Upilex(r)), polyesters
(Mylar(r)), polyamides (NomexCO) and polyetherimides  15 (Ultem0).
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- 20dimensional 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-
25aromatic heterocyclic groups.        In the present invention, the term
"heterocyclic group means a saturated or nurtially uiiaturated
hvdrocarbon-hased group with I or 2 rings containing front 3 to 8 carbon
atoms per ring, one or more carbon atoms of which (optionally associated
with one OF MORI! hydroten atoms) is (are) substituted with one or more  30
heteroatoms choseu especially Iron) oxygen. nitrogen and sulfur. Such a
group may thus be aromatic or non-aromatic. and monoevclic or bicyclic. As
eNamples olinonoevclic aromatic heteroc% clic groups. ink.mt ion may he
inn&t p imdinc.prrolc. thiophene, pyraiole. imidatole and oxatole groups.
As examples of bicyclic lik.'terocyclic groups. mention ma\ be 'nude of
35bentothiatole. bentoxalok.'. bentoxadiatole and indolc groups. A examples
of non-aromatic heterocyclic groups. mention IllaV be made  WO
2011/029860PCT/EP2010/063210 13 of tetrahydrofuran, piperidine, morpholine
and thiamorpholine groups. 



Accordinc to one particular characteristic. the polymer is a polymer that
may be deposited on the surface of the substrate by electrogralting.
Electrografting is a wet deposition technique based On the initiation and
5then electro-incluced polYmeriration. by chain propagation, of
electro-active monomers on the surface to be covered. In general.
electrografting requires:        - firstly, the use of a liquid solution
containing an initiating compound and a monomer; and 10- secondly, an
electrochemical protocol for forming a polymer film at the surface of the
substrate to be coated.       A process for preparing an organic film by
electrografting is described, for example, in international patent
application WO 2007/099 137.          In the context of the present
invention, a polymer film may be formed at 15the surface of an electrically
conductive or semiconductive substrate, such as a silicon substrate, via a
process comprising: a) the placing in contact of said surface with a liquid
solution comprising:  a protic solvent, preferably water, more preferably
deionized or distilled water; - at least one diazonium salt;  at least one
chain-polymerizable monomer that is soluble in said protic solvent;
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
25preferably less than 2.5:              b) polarization of said surface
via a potent 10- 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 diafonium salts mav be used
for performing this process 30and in particular the diazonitun JII
mentioned in WO -)00711)99 .)        According to one preferred embodiment.
the diazonium salt may be
chosenI-romphen\ldiaroniumtctralluoroborate.4-nitrophen\ ldittyonium
tetralluoroborate,-1-hromophen\ Mitt/outwittetralluoroborate.1 methyl-
-1--chloroplien Idiazonitun chloride. -l-bento Ihentenediazonitun
tctralltioroborate. 



35.4cvanophenviditizoniumtetrailtioroboratc,phen Idiazoni um  acid
diazonium tetrailtioroborate.
2-rnethyl-41t2-inethylphenyljdiazen...11benzene(Iiazonitim sulfate.
9,10-dioxo-').10-dillydro-1-anthracenediazoniurn chloride.
--1---1litrO1.hthalenediaioniuM tetrafluoroborate. naphthalenediazonium
tetralluoroborate and 4-aminophenyldiazonium chloride.
Preferentiall?,.. the chazonium salt is chosen from phenyldiazonium
tetrafluoroborate and --I---nitrophen Idiazonium tetralluoroborate.
The diazonium salt is generally present in the electrografting liquid
solution in an amount of between 10.' and 10-1M and preferably between
5x10-3 and 3x10-2 M. 10The monomers capable of forming the film at the
surface of the substrate may be chosen from vinyl monomers that are soluble
in the protic solvent and that correspond to the following general formula:
15 in which the groups R1 to R4, which may be identical or different,
represent a nonmetallic monovalent atom such as a halogen atom or a
hydrogen atom, or a saturated or unsaturated chemical group, such as a
C1-C6 alkyl group, an aryl group, a group -COOR5 in which R5 represents a
hydrogen atom or a CI-05 alkyl, 20nitrile, carbonyl, amine or amide group.
Preferentially, water-soluble monomers will be used. Such monomers w
advantageously he chosen from ethylenic monomers comprising pyridine
groups, such as 4-vinylm ridine or 2-vinylpyrichne, or from ethylenic
monomers comprising carboxylic groups such as acrylic acid. methacrylic
acid. itaconic acid, 25 maleic acid or funiaric acid. and the sodium.
potassium. ammoniacal or amine salts thereof . amides of these carboxvlic
acids and in particular acrylamide and methacrykimide. and also the N
-substituted derivatives iliereol. esik..rs thereof such    2-hydroxvethyl
inethacHate. glycid'l inethacrylate. dinictlivl or diethyl arnino iknlivl
or prop\ I tint.sthiacrylate and salts thereof'. quaternized dcrivati' es
of these 30Lationicesters.forinstanceacrylo
\vethvitrimethylammonitimchloride. '-acr\ lamido- 2-ructh\
Ipropam.sulfonicacidi ANIPS).vinvIstillonicacid. \\
111110,,phoriCacid.vimilacticacidandsaltsthereof.acrylonitrile.  WO
2011/029860PCT/EP2010/063210 15 dimethyldiallylammonitun chloride.
dimethyldiallylaninionium bromide or diethyldiallylammonium chloride.
niononici that is particularly preferred in the context of the present
invention is .1-viny1pyridinc. 



5The quantitative composition of the electrografting Liqi.iid solution may
vary within a wide range. In gk.sneral. this solution comprises:  at least
0.3 M of polymerizable monomer(s),  at least 5x10-3 M of diazonium salt( s)
10the mole ratio between the polymerizable mono(s) and the diazoniurn
salt(s) being between 10 and 300.       In the case of the preferred
application of the invention to the manufacture of three-dimensional
integrated circuits, the use of an electrografting protocol in pulsed mode
is advantageously used so as to obtain a continuous, uniform film 15with
growth kinetics that are compatible with the industrial constraints.
In general, polymerization of the surface to be covered with the film is
performed in a pulsed mode, each cycle of which is characterized by:
a total period P of between 0.010 s and 2 s and preferably of about 0.11 s;
20- a polarization time 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. 25According I() a third aspect, a subject of the present invention is a
process for activating the surface of a suhstrate so as to subsequently
cover it with a metallic !aver deposited ia an clectroless route, said
surface beirq.:., formed exclusivek from a polymer or comprising at least
one area formed from a poi\ ma and at least one area formed from an ()Nide.
especially a silicon oxide. 30characteritk.-d in that it consists in
placing said surface of the substrate in contact \\-ith a solution its
dk.slined previously. i'velerably. this aetkationrocc'H perHrinecl at a
temperature of between 50 and 90 C. Inc a duration Of [rum I 10 30 minutes
and more. prererably at a ieropermure of between 65 and 70for a duration or
5 to IS minutes. 35I he placing in contact of the surface of the substrate
with ill,:ation solution in accordance with the present invention is
advantageously perlormed by  WO 2011/029860PCT/EP2010/063210 



16 immersing the polymer-coated substrate in the activation solution.
-Finally. according to a fourth aspect. a subject of the present invention
is a process for manufacturing an electronic device, comprising the steps
consisting in: a) ictivating the surface of a substrate such as, in
particular. u silicon-  5 based substrate. said surface being formed
exclusively trom 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 as defined
previously, preferably at a temperature of between f.i0 and 90C, for a
period of from 1 to 30 minutes and more preferably at a temperature 10of
between 65 and 70C for a period of 5 to 15 minutes; and       hl coating
said surface thus activated by deposition, via an electroless route, of a
metallic layer, especially based on nickel.       Such a process is
particularly useful for the manufacture of through wafer vias for
three-dimensional integrated circuits in which the surface of an  15
electrically conductive or semiconductive substrate is successively coated,
at least 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
20use 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 he alloyed with
elements such as phosphorus or boron or a mixture of 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.             I..xeellent results were
obtained in the contcm of the present invention With 30nickel alloyed lk it
hi The deposition of a metallic laver \ ia an elcctroless routea process
that s well know n to those skilled in the art.          In the context or
the present in\ emit)". the coating of We acti% tiled surface of the
substrate is performed by placing this surface in contact with a liquid
35solution. which is preferably aqueous. containing: - at least one metal
salt. preferably in a concentration of between I() M  WO
2011/029860PCT/EP2010/063210 17 



and 1 NI;       - at least one reducing agent, preferably in an amount of
between 10 M and 1 M;           - optionally. at least one stabilizer,
preferably in an amount of between 510-1M and I NI; and         an atient
for adjusting the p1-1 to a value of between 6 and 11 and preferably
between 8 and 10;    under conditions for forming a metallic film at least
30 nanometres thick. preferably between 30 nanometres and 100 micrometres
thick and more 10preferably between 70 nanometres and 200 nanometres thick.
Advantageously, the metal salt of the metal is a water-soluble salt chosen
from the group formed by the acetate, acetylacetonate, hexalluorophosphate,
nitrate, perchlorate, sulfate or tetrafluoroborate of said metal.
In the context of the present invention, a preferred metal salt is nickel
15sulfate hexahydrate.       Advantageously, the reducing agent may be
chosen from the group formed by hypophosphorous acid and salts thereof,
borane derivatives, glucose, formaldehyde and hydrazine. hi the context of
the present invention, a preferred reducing agent is a 20borane derivative
such as, in 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 previousl?,
at a temperature of between 40 and 90C. preferably at 70C, for a period or
30 to 20 min. depending on the desired thickness or the laver. According to
one advantageous embodiment. this laNcr !nay he annealed at temperature or
between 200 and 400 C. preferably atfor a duration or 30between 1 min and
30 ndin preferably about 10 min. under an inert or l'CdtICIhr e at
mospherc.        In the context ot the preferred applic:ations of the in
ention. the process that has just been described will he completed by a
step lOr forming an additional copper germination la\cr.
35Acivanthp.,ott,1\, the copper germination la\er uu be nlade via a wet
eleetrodepositinli pl'OCC  WO 2011/029860PCT/EP2010/063210 18        a) the
placing in contact of the metal surface of the substrate with a liquid sol
ut ion comprising: 



- at least one solvent:             copper ions in a concentration of
between 14 and 120 mM and preferably 5between 16 and 64 inNI;
eth vlenediamine:        the mole ratio between the ell) lenediamine and
the copper being between 1.80 and 2.03;        the p1-1 of said composition
being between 6.6 and 7.5; 10b) polarization of said surface for a time
sufficient to form said copper germination layer.       According to one
preferred embodiment, this liquid solution comprises copper ions in a
concentration of between 16 and 64 mM, the mole ratio between the copper
ions and the ethylenediamine preferably being between 1.96 and 2.00.  15
Although there is no restriction in principle on the nature of the solvent
(provided that it sufficiently dissolves the active species of the solution
and does not interfere with the electrodeposition), it will preferably be
water.          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 20sulfate 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 countereleetrode or
relative to a reference electrode on this surface, 25prior 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 coat ijig. In thi,, process. the step for
forming the coating 1)% electrocleposil ion is  30 performed Col- a time
sufficient to form the desired coating. This time may he readily determined
hv a person skilled in the art. (he growth of the tutu he* dependk.mt on
the charge. ?vhich is equal to the temporal integral of the electrical
current passed through the circuit during the deposition time (Faraday la\\
Dinfirift the coating ormation step. the surface to he coated may hL
35polarized. either in galvanostatif 'code fI xed imposed current) or in
potentiostaf mode (irked imposed potential. optionallv relative to a
reference electrode), or  19 alternatively in pulsed mode (pulsed current
or pulsed voltage).        In general. it has been observed that a
particularly satisfactory coating may be obtained by polaritat ion in
pulsed mode. preferably so as to impose current. gaps. 



5In genera this step may be pertbrmed by imposing current gaps
correspondinE. to a maximum current per unit area in a range from 0.6
inA.cm - to 10 inA.cm and more particularly from I inA.ern to 5 inA.cm and
a minimum current per unit area in a range from 0 mA.k.'in to 5 mA.cm and
preferably 0 niA.etn2. 10More particularly, the duration of polarization at
the maximum current may be between x10-3 and 1.6 seconds and preferably
between 0.1 and 0.8 second, for example about 0.36 second, whereas the
duration of polarization at the minimum current may he between 2x10-3 and
1.6 seconds, and preferably between 0.1 and 0.8 second, for example about
0.24 second. 15The number of cycles to be performed during this step
depends on the desired thickness of the coating.      In general, a person
skilled in the art will easily determine the number of cycles to be
performed, given that, under the preferential conditions, it has been
observed that the deposition rate is about 0.3 nm per second. 20This
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 25of the
non-iimitim.1 examples that follow, which is given with reference to the
attached figures. which represent. respectively: FOIre 1: Schematic
representation of a pal ,,ed electrografting protocol that Ma\ he used for
the formation of a polymer i dm at the surface 01 Li substrate. Fimre 2:
Sdicinat lc representation or a galvano-pulsed protocol that may used Ion
the formation of a copper germination       Figure 3: Scanning electron
microscopy of an Si-P4VP-NIB-C u stack obtained in \mirk' 1. FOire 4:
Scanning electionof an Si-N\P-NiB-(..0 stack obtained in Example 4. 35I he
e \amples that tollo%\ were perHrnied Lit ilie laboratoi v scale. 1.'nless
otherwise indicated, these examples were performed under  WO
2011/029860PCT/EP2010/063210 20 standard temperature and pressure
conditions ,ahout 25"C under about I atm) in anibient air. and the
rem_rents used were obtained directly commercially without further peril
ication. 5Example 1:  Actkation for an electroless deposition of a
substrate coated ?sith 



a layer of poly-4-v in:dp)ridine using a solution according to the imention
containing a palladium complex and a compound containing tNA o glycidyl In
nctions 10a) Preparation of a silicon-based substrate with a surface formed
from a 4-vinylp ridine polymer: al) Substrate:       In this example, a
P-doped silicon coupon with a side length of 4 cm (4 x 4 cm) and a
thickness of 750 pm, with a resistivity of 20 Q.cm, was used as
15substrate. This substrate had at the surface a relatively thin layer
(less than 4 nm) of native oxide.       The substrate was cleaned with
hydrofluoric acid (2.5% v/v) for 10 to 20 seconds.            a2)
Deposition of a layer of poly-4-vinylpyridine (P4VP) onto the surface 20of
the substrate by electrografting: Electrografting solution       The
electrografting solution used in this example was an aqueous solution
prepared by introducing 5 nil of 4-vinylpyridine (4-VP; 4.5x10-2 mol) in 95
ml of 1M HC1, followed by adding to the mixture thus made 236 mg of
254-nitrobenzenediatonium tetrafluoroborate (DN0.7; lx10-3 mol). Protocol :
I perform the electrogralting on the silicon substrate a Nv:tcyli wa? ti,ed
compoed of 30- it ,;iimple holder equipped with incan ior rotating at a
1)1V(ICILTIlliliCd speed and configured to support the substrate. the
assembly thus made being intended to -._1-veitorkin(2. electrode:   - a
sheet of carbon or platinum intended I() ,,ervC a' counterclectrode:
stabiliyed electrical s.uppl\ and a device for placing in electrical
contact: - a light N ourcc (halogen lamp. 150 \\ placed in front of the
substrate and  WO 2011/029860PCT/EP2010/063210 21 equipped with filter( s),
so as to obtain a light intensity on the surface of the substrate of
between 2000 and 6000 lux (4000 lux in this case). The lamp was placed for
this purpose about 10 cm from the surf ace of the sample. The substrate was
illuminated throughout the experiment. 5The electrograking of P4VP onto the
surface of the silicon substrate was 



performed by imposing on the substrate. placed in rotation beforehand at a
speed of 10 to 200 rpm (50 rpm in the example), a "potentio-pulsed-
electrochemical protocol for a predetermined time of about 4 to 30 minutes
(10 minutes in the example). 10Figure 1 illustrates the electrochemical
protocol that was used, with:  a total period P of 0.11 second;        a
polarization time Ton of 0.02 second during which a cathode potential
difference of -15 V is applied; and             a resting time at zero
potential, written as "Toff', of a duration of 150.09 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. 20Under 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 (DMF), followed by
drying under a stream of nitrogen. 25 11) Activation of the surface of the
substrate: b lJ Pieiun 01 the  palladium  complex:        802 in;:. (4.52
11111101) of palladium chloride Pa*, 50 ml of deionited water and I
1111concentrated Imlrochloric acid (37(i. (1=1.17). i.e. an acid.
30concentration 01 0.2 ,1.1. WCIV placed ill a Th() Liii 011C-1)CCkCd
round-bottomed flask. The mixture was heated at 60 .0 for a iimiie of order
to dissok c the palladium chloride and thus to obtain a red-brown solution
of 1121)60          0.500 1111i-1-.58 (Iun01) of Weill\ lenetriamine wits
added to the solution thus 35obtained, This addition caused it colour
chanile of the solution from red-brown to ()ramie-yellow.  22 The reaction
medium was maintained at 60"C for a further 2 hours.       The solvent was
evaporated off on a rotary evaporator. The remaining solid was
recrvstallized from hot ethanol Lo give 1.268 g of a palladium complex of
formula C..1IHN:Pd(71-2 in the form of Yellowish riccdles ( yield 88(:;t.
5114 NNW D4.)): 2.62 ((kid. 210: 2.82-2.94 (in. -(1 II: 3.02 (td. 210. 1)2)
Preparation of the activation solution accordinu to the invention: 



8 nua of the complex obtained in step b I) were dissolved in 10 nil of
N-methylpyrrolidinone (N NIP).          50 ml of diethylcne glycol
moneethyl ether, 10 ml of the NMP solution 10containing the palladium
complex and 0.345 ml of diglycidyl ether butane were introduced into a
clean, dry flask. The whole was mixed by stirring. b3) Treatment of the
surface of the substrate:       The mixture obtained from the step b2) was
brought to about 65C and the substrate prepared in step a) described
previously was immersed therein for about 1510 minutes. The substrate thus
treated was then rinsed thoroughly with deionized water and dried under a
stream of nitrogen. c) Deposition of a metallic layer of NiB via an
electroless route  cl) Extemporaneous preparation of the eleetroless
solution: 2031.11 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 p1-1 was adjusted to
9 with the base and the total volume was adjusted to 1 litre with distilled
water. The solution was stabilized with 0.111 g of thiodiglycolic acid
(0.739 mmol). 25To nine volumes of the solution, just before its use in the
following step, was added one volume of a reductive solution comprising
28of dimethvlitinitioborane fDNIAB: 0.475 mol Formation of a metallic layer
of NIB for  forming a  diffusion bartier: A metallic laver of NIB was
prepared on the --activated- surface of the  30 substrate obtained after
step N) hy dIppilg in the electroless solution prepared previously and
heated to 70 C. tor a duration of between 30 seconds and 2) nlinutQs.
depending on the desired thickness. In this example. the dipping tiine was
4 minutes to obtain a metallic laver thickness of nm. he metallic laver
thus obtained c\ asat 250for 10 minutes 35under a reductice atmosphere tN)
II mixture15`,  WO 2011/029860PCT/EP2010/063210 23 di Formation of a copper
germination layer: 



Solutit.m: The deposition olcopper germination laver onto the coated
:albstrale   after step c) %vas performed using- an aqueous
clectrodeposition solution 5containing 2.1 ml .1(.31 m.NI) uthvienediumine
and 4 g.116 InN.1) of (7uSO4(11)k. Protocol: The electrodeposition process
used in this example comprised a copper  10 growth step during kk hiCh the
treated substrate obtained after step c) was cathodicall polarized in
galvano-pulsed mode and simultaneously spun at a speed of 40 revolutions
per minute.        Figure 2 describes in detail the galvano-pulsed protocol
that was used, with a total period P of 0.6 s; a polarization time Ton of
0.36 s during which a  15 current per unit area of 2.77 mA.cm2 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 mu thick.          The substrate thus
coated with copper was removed from the electrodeposition solution at zero
spin speed in about 2 seconds and then rinsed 25with deionized water and
dried under a stream of nitrogen. C) (laracterization of  the treated
substrate:        The coated substrate obtained after sitT d described
previousiN was characterized by scanning electron microscopy 30Fi:.zure 3
is t ic'' in cross section of the Si/P4VP/Ni13/Cti stack obtained according
to Example I .  24 Adhesion measurement:       The adhesion values in Jim:
were inetsured using a synergy 100 NITS tensile testing machine (Gotha The
tensile testing machine is connected to a force sensor moving vertically
along a crossbar. The measuring ranges are 5between 1 and 20 Pm-. Resitits:
The adhesion measured according to this test is greater than 20 Jim ,
characterizing a total absence of delamination of the lavers after the
tensile test. 



10Comparative Example 2: Activation, for an electroless deposition of
nickel, of a substrate coated with a layer of poly-4-vinylpyridine using a
solution containing a palladium salt PdC12 dissolved in an acidic medium
(HC1)       For comparative purposes, Example 1 was repeated using an
activation solution obtained from a commercial palladium salt without
addition of diglycidyl 15ether butane.       More specifically, the
activation solution was prepared by dissolving 17.3 mg (le mol) of PdC12
into one litre of a 10-2 M hydrochloric acid solution. A 10-4 M solution of
H2PdC14 was thus obtained. The substrate prepared in an identical manner to
step b) of Example I was dipped into this solution, at room 20temperature,
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.
75This substrate had an adhesion of 11 J/m2, this adhesion being markedly
lower than that obtained with the solution according to the invention
(Example Comparative Example 3: Activation, for an electroless deposition
of nickel, of a substrate coated with a layer of poly-4-vinylpyridine using
a solution 30containing 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 glycidv I functions in the
activation solution according to the invention. Example 1 \\ as repeated
using an identical activation solution. e\cept that it did 35not comprise
the coinpouiid OillUtilli14.1 two '.:11VC1(IVI r1111C11011, IL\alliple I
b2). The coated substrate (PiN il3/Cti) obtained according to this  25
comparative example was characterized using the adhesion measurement test
described in Example le.        This substrate had an adhesion of 15 j/m2,
which is less than the adhesion obtained with the solution according to the
invention (Example 1). Example 4: Activation, for an electroless deposition
of nickel, of a substrate coated with a layer of oxide (S102) using a
solution according to the invention containing a palladium complex, a
compound comprising at least two glycidyl functions and an organosilane
10For the purpose of applications that may involve "mixed" structures, i.e.
substrates whose surface comprises at least one area formed from a polymer
and at least one area formed from an oxide such as silicon oxide, the
activation solution described in Example 1b2 was modified by adding an
organosilane compound thereto. 



15In order to check that the addition of such 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 thus performed on Si02 surfaces
using this novel activation solution. 20To this end, Example 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 x 4 cm)
and a thickness of 750 pm, coated with a layer of silicon oxide 200 urn
thick. The starting substrate was cleaned in an F12,02/112SO4 25 mixture
(2:5 v/v) at 70V for 45 minutes. and then in deionized water at 70cc.' for
45 minutes. before being rinsed thoroughly with &ionized water and dried
under nitrogen before use.          The coated substrate
(SiQs/P4VP/Nifi/Cut obtained accord in to this example was characterized
using the adhesion measurement test described in 301.1.\ ample 1. This
substrate had an adhesion of greater than 20which is comparable with the
adhesion measured in Example le.       The stack obtained was also
kithracterized hscannitni electron microscopy t.SIAI). 35A \ iew in cross
section of tins stack is thus RTIUdlIcCd in ili:RIR' -4.  WO
2011/029860PCT/EP2010/063210 26 Comparative Example 5: Activation. for an
electroless deposition of nickel, of an SiO, surface using a solution
containing a palladium complex and compound comprising at least two
glycidyl functions       In order to demonstrate the importance ol the
organosilane compound in the activation solution for the electroles
covering of a surface formed partly from an oxide such as an additional
experiment was performed using the activation solution described in Example
1. To this end, Example 11)2 was repeated using the same activation
solution. The substrate used in this example vas P-doped silicon coupon
with a 10  side length of 4 cm (4 x 4 cm) and a thickness of 750 pm, coated
with a layer of silicon oxide 200 nin thick. The starting substrate was
cleaned in an H202ilFl2SO4 mixture (2:5 v/v) at 70C for 45 minutes, and
then in deionized water at 70C for 45 minutes, before being rinsed
thoroughly with distilled water and dried under nitrogen before use. 15The
coated substrate (Si024134VP/NiB/Cu) obtained according to this example was
characterized using the adhesion measurement test described in Example le.
This substrate had an adhesion of 1 J/m2, this adhesion being markedly
lower than that obtained with the solution according to the invention
(Example 4). 20 Example 6: Activation, for an electroless deposition of
nickel, of a substrate coated with a layer of polymer (P4VP) using a
solution containing a palladium complex, a compound comprising at least two
glycidyl functions and an organosilane 



25In order o check that the addition of an oq;anosilane compound was
compatible \kith the use of a composition according to the invention
containing a palladium complex and It compound comprising at least two
glvcidvl functions, adhesion tests were also performed on surfaces formed
from a polymer such as an elect rografted P.A-VP polymer. 30-1() this end.
Example 1 v, ;Is repeated using the activation solution prepared in Example
1. Yontaining an organosilane compound.        The coated substrate
(Si1P-IVIVNif-3/Citt obtained according to his example was character tied
using the adhesion measurement test deserlbed in Ir.xample 1 35This
sulv,Fate had an adhesion ot greater than 2() JJItI, comparable with the
adhesion measured in Example 1,  27 The presence of the organosilane
compound in the activation solution therefore does not degrade the adhesion
of the metallic layer on the polymer.        'Fable 1 below cot hues the
results of the adhesion measurements for the -i-tbst rates coated by
performing Examples 1 to 6. 5 Table : Ex. surface Activation solution
Adhesion (J.m  P4VP Complex + Diglycidyl >20 2 P4VP 



Pd/H+ 11  P4VP Complex 15 4 Sith Diglycidyl + Complex + Silane >20 5 Si02
Diglycidyl + Complex  6 P4VP Diglycidyl + Complex + Silane >20 Example 7:
Activation, for an electroless deposition, of a flexible substrate of 10
polyimide type (Kapton(r)) 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
15In 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. 



ci Desition  of a metallic laver or NIB via an e ectroless route      Flue
depositiim of the laer of Ni13 was performed in an identical manner to that
or [xample I. 25di Formation of a  copper germination la\ er:        The
deposition of the copper germination lave' \\ is performed in the sante
manner as in Example 1:  28 Results: 1T1iidliesion measured according to
this example was greater than    .11m2, characterizing ti total absence ol
del amination of the la.yers after the tensile test. No precipitate wus
observed in the activation solution.  29 CLAIMS       I. Solution for
activat Mg the surface of a substrate for the purpose oh its subsequent
coverim.2. with a metal layer deposited via an ekctroless route. said 5
surface consisting exclusively of 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 contains:
A) an activator formed from one or more palladium complex(es) chosen 10from
the group formed by:  palladium complexes of formula (I) \ RI-NNZN-R2 Pd  /
\ X X (I)  



15 in which: - RI and R2 are identical and represent H; CH2CH2NH2;
CH2CH2OH; or RI represents H and R2 represents CH2CH2NH2; 20or RI
represents CI-12C1I2NH2 and R2 represents CH2CH2NHCH2CH2N1-12; or RI
reprcsent N and R2 represents CH2CH2NHCH2C1-11NHCH2CH2NH2; - X represents a
ligand chosen from the group formed by Cr; Brs; r; H20, NO3-; CH,S01-;C1I;
-Ph-S03-;  pdladium complexes of formula Ira or 111)    R NNPirr N R2-R1  \
Y2_Rl-N 1)(1 RI-N-R2    (Ha) it which:  30 



- R1 and R2 are as defined above and - V represents a counterion comprising
two negative charges formed:        - either from two inonoanions.
preferably chosen from the group formed by Cr;:CrLSO:. : (F)SO: Cli;
CrittS03-; C113C00.; 5- or from a dianion, preferably SO4- ;        B) a
binder formed from one or more organic compounds chos ell from the group
formed by compounds comprising at least two glycidyl functions and
compounds comprising at least two isoeyanate 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 10-6 M
to 10-2 M, preferably from 10-5 M to 10-3 M and more preferably from 5x10-5
M to 5x10-4 M;       - the binder in a concentration of from 10-5 M to 10-1
M, preferably from 10-4 M to 10-2 M and more preferably from 5x10-4 M to
5x10-3 M. 203. 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 diglyeidyl ether, propylene glycol diglycidyl ether,
diethylcne glycol diglycidyl ether, 4,4'-hisphenol 1-diglycidyl ether,
glycer I triglycidyl ether nod triglycidyl isocyzuturate.,        -
compounds comprising two isocyanate functions chosen from the group
fkgmed1.2-plienvIene di isocvanate: 1.3-phciivlene diisocvanate: 1.4-phen\
lene, diisocvanate:1.4-diisocvniiiitobutane:1.6-diisocvanatollexane:
301.-dikoc.-\.;:ttizttooctatle:2.4-toltienediisoo5-toluenediisocvmmte.,
2.6-tolueoc diisocvanate:diisocvanate: kophorone diisocvanate, in- \\1\
lene dikoc anatc:1 no o -1diisocvanate: iinato- I-111e111\ tell1\ I
thentene:lenehisi phenyl\ anale).  31 formed hv N-methylpyrrolitlinohe
(NMI)). dimethyl sulfoxide (DNISO), alcohols, et i.)letic ethers, tor
instance monoethyl diethylene 2lycol, propylene glycol ethers, dioxane and
toluene. 55. Solution according to one of Claims 1 to 4, characterized in
that. 



especially in the case where the surface to he activated comprises at least
one area formed from an oxide. said solution also comprises: D) one (or
more) organosilane compound(s). 106. Solution according to Claim 5,
characterized in that the organosilane compound corresponds:  to the
general formula: IX-(L)h-n-Si(OR),(Va) 15in which:  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 CH2; CH2CH2; 20 CH2CH2CH2-;
CH2CH2CH2CH2-; CH2CH2NHCH2CH2; CIA2CH2CH2NHCH2CH2;
CH2CH2CH2NHCH2CH2NHCH2CH2; CH2CH2CH2NHCH2CH2CH2CR2CH2CH2; Ph; Ph-CH2; and
CH2CH2-Ph-CH2; (Ph representing a phenyl nucleus);  R is a group chosen
from the group formed from CH3, CH3CH2, CH3CH2CH2 and (CH3)2CH: and - n is
an integer equal to I, 2 or 3; - or to the lIeneral t):S i-(S i(OR)3(Vb) in
which: 30 L represents a spacer arm chosen front the group formed from
CIL("111Clii:NIICII.:CIA,N11(.112C11.,.C11,7 and CII:C11.7C11.,.-S
S-CILCH2CHT - l k a,Iroup dlo,ch l'uom the group formed hy (IIC11 ,C11.-C11
and 35  WO 2011/029860PCT/EP2010/063210 32 concentration of the
organosilane compound is between 1 0 M and 10-1M, preferabl?,. between Pr M
and I() M and more preferably between 10x10-3 M and 10x10-2M. 



58. Solution according to C(ain-15 or 6, characterited in that the
organosilane eompotind(,) c,k) are. C110',CF1 from the following:
compounds:  the compounds of formula (Va) in \kilil:11: X represent,; an
N112 group and 10 L represents CH2CH2CH2- and R represents CH3 (compound
known as (3-aminopropyl)trimethoxysilane or APTMS); or L represents
CH2CH2CH2- and R represents CH3CH2 (compound known as
(3-aminopropyl)triethoxysilane or APTES); or L represents CH2CH2NHCH2CH2
and R represents CH3 (compound known as
15N-(2-aminoethyl)-3-aminopropyltrimethoxysilane or DATMS or DAMO); X
represents SH; L represents CH2CH2CH2- and R represents CH1-CH3 (MPTES); or
X represents C6H5N; L represents CH2CH2- and R represents CH2-CH3 (PETES);
20 or X represents CHCH20; L represents CH2CH2CH2 and R represents CH3
(EPTMS). or X represents Cl; L represents CH2CH2CH2 and R represents CH3 (C
9. Solution according to one of Claims 1 to S. characterized in that it
25comprises water in a concentration of less than Ipreferably less than
0.5'4 and Inure preferably less thanby volume.         10. Usc of a
solution according to any one of Claims I to 9, for activating the surface
of a substrate for the purpose of subsequently covering it with a 31)
metallic laser deposited via an el eC1101Cs Mule, ,;aid surface beMg formed
c.\chu.sivehv ftom a polymer or cornprIttIC.. at leat one ;11-(_.a formed
from a polymer and at least one ,ireu formed from an oxide. especially a
silicon oxide, said polymer comprising one OF more groups chosen from the
group formed be primary amine: secondary amine, enamine: alcohol: thiol:
aromatic heterocYclic tin particular pyridine. p !Tole or thiophenei and
non-aromatic heterocyclic groups.  33       11. Ue accorclinii to Claim
1(1, characterized in that the polymer deposited on the surface of the
stihstrate hy eleetrograft in 512. Use according to Claim 10 or 11,
characterized in that the pol.?, trier is poly-4-vin?lpyridine.
13. Use accordingone of Claims 10 to 12. characterized in that the
substrate is an electrically conductive or seniiconductive substrate
intended for 10manufacturing an electronic device.        14. 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 metallic
layer deposited via an electroless route, said substrate being a flexible 



15substrate formed from a polymer chosen especially from polyimides,
polyesters, polyamides and polyetheramides.        15. Process for
activating the surface of a substrate for the purpose of 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 90C,
for a duration of 1 to 25_ minutes. and more preferably at a temperature of
betkkeen 65 and 70C for a duration of 5 to 15 mimics.       6 Piu ess for
manufacturing an electronic device. characterited in that it comprke, the
:1,k..sps coir,kling in: 0activating the ,tirface ol a substrate ,alch as.
in particular. a .alicon- ba,ed -,111trate.Nurface being formed excluNi% el
v from a pokmer or comprking at lea,,t one area brined from a pol? iiier
and at least one area formcd min an oxide. es,pcciall \ a si icni oxide. by
placing, said ttrface in contact with a lution according to anv one of
Clitink I to (-1. preferabk at a temperature of 35between 50 and 0(1 C. for
a period or from 1 Hminttic and more preferabl% at a temperature of between
65 and -RFC for a period ot 5 to 15 minutes: and  34        b) coaling said
surface thus activated by deposition. via an electroless 'pule. of a
metallic iaver. especially based on nickel.         17. Process according
to Claim 16, characterized in that the step b) is 5performed by placing the
activated surface in contact with a liquid soiLa ion, which is preferably
aqueous. containing:         at least one metal salt. preferably in a
concentration of between 10-3 M and 1 Mt            - at least one reducing
agent, preferably in an amount of between 10-4 M 10and I M;
optionally, at least one stabilizer, preferably in an amount of between
10-3 M and 1 M; and       - an agent for adjusting the pH to a value of
between 6 and 11 and preferably between 8 and 10; 15under conditions for
forming a metallic film at least 30 nanometres thick, preferably between 30
nanometres and 100 micrometres thick and more preferably between 70
nanometres and 200 nanometres thick. 


